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ABSTRACT
For the last twenty years, protein synthesis inhibitors 
have been used as a tool in the study of memory and learning.
This thesis seeks to evaluate one commonly used inhibitor - CXM.
The behavioural and physiological effects of CXM in young 
chickens are investigated in detail. The effects of CXM, when 
administered within the initial period of imprinting, on learning 
rates and attentional persistence are studied, along with the 
effectiveness of CXM as an amnesic agent and/or an aversive agent 
when the drug is given outside the critical period for imprinting.
The administration of CXM to 2 day-old chickens has 
long-lasting effects on the physical development of the birds. The 
birds treated with CXM lost weight, and remained lighter than birds 
treated with saline, for the duration of the experiments. In 
contrast, the testes of the birds treated with CXM were larger 
than those of control birds. The effect of CXM on 11 day-old 
birds was more transient. Although body weight fell after 
treatment with CXM, the weight lost was rapidly regained.
The administration of 40yg CXM in 50yl saline to 11 day- 
old chickens, immediately after training on the Pebble Floor task, 
produces behavioural deficits during the retention test which have 
been interpreted as evidence of the inhibitory effect of CXM on 
the formation of memory. However performances indicative of memory 
were produced when the period of deprivation before the retention 
test was extended. Behaviour consistent with the presence of memory 
was also found when other methods of analysis were applied to the 
performance of the chickens during the retention test, even at 
low levels of deprivation. Evidence of memory was apparent both 
when CXM was shown to be affecting general behaviour, and when
CXM appeared to be no longer having non-specific effects on 
behaviour.
The behaviour during the retention test of chickens 
treated with CXM was shown to be similar to that induced by 
the aversive agent LiCl on two tasks: the Pebble Floor task 
and the Perspex-Grain task. It is concluded that CXM was 
acting as an aversive agent, and producing a contextural 
conditioned aversion on these tasks.
The mechanism by which CXM induces the formation of 
the conditioned aversion on the Pebble Floor was not related to 
increased concentrations of amino acids as a result of the 
inhibition of protein synthesis. Injection of a number of 
different amino acids failed to induce the formation of a 
conditioned aversion.
The administration of 40yg CXM in 50yl saline to 2 day- 
old chickens has been reported to produce slow learning when the 
chickens were tested 10 days later. This phenomenon could not be 
reproduced in Canberra although many variables were changed in 
order to do so. It is suggested that at least three factors 
contribute to the phenomenon of slow learning. Changes in the 
birds’ reactivity as a result of experience, changes in reactivity 
induced by treatment with CXM, and specific deficits in higher 
order perceptual processing as a result of concurrent perceptual 
input and CXM treatment, may all cumulatively contribute to the 
expression of slow learning.
Injections of 20yg CXM in lOyl saline or 40yg CXM in 
50yl saline 2 days after hatching, were shown to produce attentional 
changes in behaviour on the Red Pebble Floor task. Treatment with 
20yg CXM in lOyl saline was also found to induce alterations in
attentional behaviour in a runway. Similar attentional changes 
have been reported to occur after treatment of young chickens 
with testosterone. It is suggested that CXM may be altering 
normal endocrine function in the chicken.
It is concluded that there is no evidence to support the 
idea that CXM inhibits the formation of memory of the Pebble Floor 
task. It is suggested that many of the amnesias reported in the 
literature after treatment with inhibitors of protein synthesis 
may be explained by the effects on processes other than engram 
formation. Because of the diversity of biochemical and behavioural 
consequences of CXM treatment in young and adult animals, it is 
suggested that it is not a particularly useful tool for research 
into the physiological basis of memory.
ABBREVIATIONS
SAL - saline
CXM - cycloheximide
LiCl - lithium chloride
GABA - y-aminobutryic acid
MRL - mean run length
MWU - Mann-Whitney U Test
MPSRT - Matched-Pairs Signed-Rank Test
3T:3R - 3 h food deprivation before the training trial: 
3 h food deprivation before the retention test
3 : 3 ' R' - 3 h food deprivation : 3 h food deprivation before 
performing the task for the first time
3T-.15R - 3 h food deprivation before the training trial: 
15 h food deprivation before the retention test
3 :15 ' R ' - 3 h food deprivation : 15 h food deprivation before 
performing the task for the first time
15T:15R 15 h food deprivation before the training trial: 
15 h food deprivation before the retention test
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11. INTRODUCTION 
1.1 General Overview
The distinction between short-term and long-term memory 
originated from the insights of William James (1890), and in con­
solidation theory (MULLER and PILZECHER, 1900). However, it was 
not until the 1940s that solid experimental evidence was provided 
for two stages of memory formation. It was then that Russell and 
Nathan (1946) investigated the effects of mechanical trauma on 
human memory - the phenomenon of retrograde amnesia. They showed 
that when a person received a blow to the head, a period of amnesia 
for events immediately prior to the blow resulted. The duration 
of this retrograde amnesia was found to shrink with time elapsed 
after the trauma, but there always remained a brief pre-trauma 
period for which no memories could be found. Also, it was observed 
that memories for temporally remote events were unaffected.
These findings of Russell and Nathan were confirmed in 
early clinical and experimental work with humans and animals, where 
retrograde amnesia was artificially induced with electroconvulsive 
or chemical shock. Williams (1950a, b) found that patients treated 
with electroconvulsive shock showed loss of memory for a brief 
period prior to shock. Using rats, Duncan (1945, 1948, 1949) found 
that administration of electroconvulsive shock after a learning 
trial impaired the expression of that learning. He also showed 
that the effect of electroconvulsive shock on performance in rats 
decreased as the interval between the learning trial and electro­
convulsive shock was increased. More recent work has shown that
2the phenomenon of retrograde amnesia is not as simple as these 
results suggest. Rozin (1976) has pointed out that retrograde amnesia 
can range from seconds to months in humans, and Whitty and Zangwill 
(1966) reported cases in which no retrograde amnesia has been found 
after severe mechanical trauma. Recovery from amnesia, where it 
occurs, does not follow an ordered temporal sequence. Often islands 
of memory emerge and are elaborated until an ordered series of 
memories is achieved. The memories which appear first are often 
not those of greatest importance (WHITTY and ZANGWILL, 1966).
In ignorance of these later complications to an initially 
simple picture, in the late 1940s the work of Russell and Nathan, 
in conjunction with data from experiments utilizing electrocon­
vulsive shock (for reviews see WEISKRANTZ, 1966; WHITTY and ZANGWILL, 
1966; WILLIAMS, 1966) gave rise to the idea that memory during the 
consolidation period might be based on a short-term physiological 
process different from the process operating after the consolidation 
period is complete (HEBB, 1949). From the recognition of distinct 
phases in the consolidation of memory there began to emerge two 
divergent approaches to the study of the different phases of memory.
One approach has been concerned with the psychological 
analysis of the relationship between short-term and long-term 
memory (WICKELGREN, 1975a, 1975b) and, more recently, with different 
levels of processing (CRAIK and LOCKHART, 1972). Originally, 
already-established psychological techniques for investigating 
human memory, particularly memory of numbers and nonsense syllables 
within seconds after learning, were re-interpreted within the new
3conceptual framework. Since then the development of more sophi­
sticated psychological concepts of associative, non-associative, 
iconic, phonic, echoic and semantic memory has enabled under­
standing to extend far beyond the original two-stage model. The 
development of these concepts was possible because of the use of 
human subjects with their highly developed verbal skills. Language 
has enabled the use of more subtle recall techniques for the invest­
igation of memory, rather than the less refined recognition procedures. 
The psychological approach has led to the idea that at least in 
humans, the memory record of an event contains qualitatively 
different kinds of information (CRAIK, 1979), and that there is 
no simple correlation between the level of processing and the 
durability of the memory. Another characteristic of the psych- 
logical approach is that it has moved away from retrograde and 
anterograde amnesia to studying natural forgetting, rather 
than amnesia which has been artificially-induced.
The other approach adopted has been to look for physical 
correlates for the different stages of memory consolidation.
Primarily using animals, this has been done in two ways. One method, 
the interventive approach, has been to explore different treatments 
that induce retrograde amnesia. The rationale behind this 
method is that, to effectively produce amnesia, a treatment must have 
interfered with processes related to memory. Such treatments as 
electroconvulsive shock, hypothermia, anoxia, hypoxia, hyperoxia, 
anaesthesia, cortical spreading depression, barbiturates, tran­
quilizers and convulsants have all been used with some degree of
success (for review see GIBBS and MARK, 1973).
4More recently, because of the problems of interpreting 
the data from such general treatments, supposedly more specific 
agents with known biochemical actions (for example, inhibitors of 
RNA and protein synthesis and agents which inhibit transmitter 
function) have come to be more widely used in memory research. To 
ascertain their effect on memory, these agents are administered 
before or just after an animal learns a task. The behaviour of 
the treated animal during a retention test is observed to establish 
how effectively memory is disrupted. Even using agents with more 
specific modes of action it has proved extremely difficult to find 
direct causal links between the primary action of the agent and 
the inhibition of memory formation, if indeed the formation is affected.
The other method of studying the different biochemical 
stages of memory is the correlative approach. This method requires 
an animal to be trained in a particular task after which chemical 
changes in the brain are measured and correlated with the establish­
ment of memory. The difficulty of this second method is having 
the appropriate controls to be able to dissociate changes in the 
brain due to the formation of memory from other changes associated 
with the general experience of training such as activity, arousal, etc.
1.2 Physiological Basis of Short-term and Long-term Memory
With the recognition that electroconvulsive shock caused 
amnesia of events immediately prior to treatment, without disrupting 
more distant memories, came the realization that the material basis 
of long-term memory was unlikely to be electrical. Had long-term 
memory been maintained electrically this too would have been disrupted.
5the information resulting from experience could be incorporated 
into the brain.
As early as 1948 and 1950 it was suggested that RNA 
and protein might be involved in the formation of long-term memory 
(MONNE, 1948; KATZ and HALSTEAD, 1950). Most of the research since 
then has been concerned with this possibility. When given shortly 
before training, inhibitors of RNA synthesis have been reported 
to block the formation of long-term memory. However, the most 
widely used inhibitor, actinomycin D, causes cerebral damage in 
rodents, and is not very useful for evaluation of the role of 
RNA synthesis in memory formation (WETZEL, OTT and MATTHIES, 1976) . 
Inhibitors of protein snythesis have also been reported to block 
the formation of long-term memory in rodents, fish, and birds 
on a variety of tasks, without affecting learning or short-term 
memory (McGAUGH, 1966; for review see BARRACO and STETTNER, 1976). 
These findings have been used to support the notion that protein 
synthesis is required in the consolidation of long-term memory.
However, a number of anomalies have been reported which 
suggest that the formation of memories may not be dependent on 
protein synthesis. Quartermain (1976) has pointed out that the 
retrieval of information acquired at the time of drug treatment 
may be altered by the inhibition of protein synthesis, while memory 
consolidation may not be affected. Nevertheless, most researchers 
believe that protein synthesis is associated in some way with the 
memory process, although a controversy exists as to whether direct 
causal relationships can be drawn between protein synthesis and
6consolidation of memory, even if causal relationships are what 
should be sought.
Research on neuro-chemical correlates of learning and 
memory in the brain after training has also given limited support 
to the idea of a stage of memory formation dependent on protein 
synthesis, in that protein synthesis appears to be stimulated by 
a learning experience (for recent reviews see AGRANOFF, BURRELL,
DOKAS and SPRINGER, 1978; RAINBOW, 1979; DUNN, 1980, ROSE and 
LONGSTAFF, in press). Once again, the limitations of the approach 
restrict the conclusions that can be drawn from the data, for it 
is difficult, if not impossible to prove a causal relationship 
between a supposed learning process and the biochemical changes 
observed.
Since performance on a retention test soon after learning 
appears not to be affected by inhibitors of protein synthesis, 
short-term memory is believed to be independent of protein synthesis. 
The use of other amnesic agents has shown that short-term memory 
may be dependent on normal operation of the Na+/K -ATPase carrier 
system in cell membranes. Disruption of this system with ouabain, 
ethacrynic acid, copper ions or lithium ions, has been reported 
to selectively interfere with an early stage of memory storage which 
is not susceptible to agents which inhibit brain protein synthesis 
(MARK and WATTS, 1971; WATTS and MARK, 1971; ROGERS, OETTINGER,
SZER and MARK, 1977) . However, there are difficulties with this 
interpretation. Disruption of transport processes which depend 
upon the Na+/K+-ATPase carrier system in cell membranes must affect
7many other cellular metabolic processes, generating a cascade of 
flow-on effects (see 1.3 for a definition of the problem). Ouabain 
is believed to interfere with short-term memory by altering the 
active extrusion of sodium ions in the nerve fibre, yet den Hertog 
and Richie (1969) have found that small concentrations of 
ouabain do not alter the electro-neutrality of the nerve fibre.
Other workers using ouabain have been unable to confirm the basic 
phenomenon (REYMOND, personal communication), or have found the 
effects of ouabain on memory to be state-dependent (MARTIN, 1979). 
McFadden (1979) has suggested that the effect of ouabain on 
behaviour may be attributed to the tranquillizing properties of 
the drug, and not to the inhibition of memory formation. For 
the moment there is not sufficient evidence to establish the nature 
of the mechanism underlying short-term memory.
Despite the controversial nature of the evidence for 
the mechanisms of a two-stage model of memory, a three-stage model 
has recently been proposed, encompassing a very short-term memory 
phase (GIBBS and NG, 1977 a, b). They have reported that very 
short-term memory can be disrupted by increases in the concen­
tration of potassium ions and glutamate. The time-course of this 
change is closest to the duration of short-term memory determined 
in the psychological approach, but the effects are very subtle, 
requiring very precise administration of potassium ions. As yet 
this work has not been followed up.
Through the use of different agents which disrupt memory, 
a number of other models have been advanced with relatively little
8overlap in the number, or time course, of the phases proposed 
(e.g. SOKOLOV, 1977; FRIEDER and ALLWEIS, 1978), except for the 
general acceptance of a stage that directly, or indirectly, relies 
on protein synthesis. In the 90 years since a two-stage model 
of memory was proposed, our knowledge of the mechanisms underlying 
memory has in reality progressed very little.
1.3 Problems in Using Agents Which Induce Amnesia
Specific biochemical inhibitors have been preferred to 
other agents which disrupt memory, such as electroconvulsive shock, 
because they are thought to be more specific and thus likely to 
be more helpful in the identification of memory processes. While 
this is true in a general sense, absolute pharmacological specif­
icity has proved to be very elusive.
There are three ways in which a biochemical inhibitor 
can produce an effect. Firstly, the agent can have direct effects, 
that is the chemical may inhibit a number of different biochemical 
reactions. Any direct effect that an agent has, which is not the 
one for which the drug is used, is termed a direct side effect. 
Often biochemical agents used to inhibit the formation of memory 
have been found to have direct side effects. Secondly, the agent 
may have indirect side effects, where a metabolite of the agent 
is having an effect. Thirdly, an agent can be effecting a change, 
not as a direct effect, or direct or indirect side effect, but 
as a consequence of these primary effects. This type of action is 
termed a flow-on effect. For example, the increase in the concen­
tration of amino acids as a result of the inhibition of protein
9synthesis is a flow-on effect. Thus, although biochemical inhib­
itors are more specific than other agents which have been used, 
it is still extremely difficult to relate the behavioural changes 
to a particular action of a drug.
Nor are the biochemical aspects the only problems 
associated with the use of biochemical inhibitors. The presence 
or absence of amnesia is inferred from changes, or the lack of 
changes, in behaviour from the training trial to the retention 
test. However similar changes in animal behaviour could arise 
from effects on other determinants of performance, and not from 
amnesia. Even if it is possible to rule out other determinants, 
it is still very difficult to distinguish between the absence 
of a memory trace, and a block of retrieval.
1.4 Biochemical Problems in Using Cycloheximide
The biochemical inhibitor CXM illustrates these points. 
CXM is an antibiotic known to block cytoplasmic ribosomal protein 
synthesis in eukaryotes. CXM interferes with the movement of the 
ribosome along the messenger RNA, thus preventing the incorporation 
of amino acids into proteins (SISLER and SIEGEL, 1967). It is 
for this action of the drug that CXM is used in memory research.
In addition to inhibiting protein synthesis, CXM has 
been reported to have at least one direct side effect, that of 
blocking acetylcholinesterase activity (ZECK and DOMAGK, 1976).
The importance of acetylcholinesterase in memory function has not 
been adequately evaluated. Experiments with anticholinergic and 
anticholinesterase drugs have been performed, but unfortunately,
10
with inconclusive results (for review see DEUTSCH, 1971) . Thus, 
this side-effect of CXM cannot, as yet, be eliminated as a possible 
explanation of amnesia. CXM also gives rise to an unidentified 
metabolite which inhibits glutamate dehyrogenase (WEIL-MALHERBE 
and GORDON, 1973) .
CXM has a number of flow-on effects. Thirty minutes after 
injection, amnesic doses of CXM severely inhibit the synthesis of 
catecholamines from circulating tyrosine (GOODMAN, FLEXNER and 
FLEXNER, 1975), but whether this is due to the inhibition of 
tyrosine hydroxylase is controversial (FLEXNER, SEROTA and GOODMAN, 
1973; SQUIRE, KUCZENSKI and BARONDES, 1974; MARKEY and SZE, 1977).
At the same time the levels of catecholamines in the brain are 
unchanged, or even elevated (FLEXNER and GOODMAN, 1975; BLOOM,
QUINTON and CARR, 1977; LUNDGREN and CARR, 1978), implying that 
the effect of CXM on the synthesis of catecholamines is not the 
only change that occurs. Some other aspect of catecholamine meta­
bolism must also change. Inhibition of catecholamine synthesis 
has been reported to inhibit memory formation (RANDT , QUARTERMAIN, 
GOLDSTEIN and ANAGNOSTE, 1971; QUARTERMAIN and BOTWINICK, 1975; 
QUINTON and BLOOM, 1977), or to have no effect (SQUIRE et al., 1974). 
At present, a contribution to the behavioural changes induced by 
CXM from altered catecholamine metabolism cannot be excluded.
Azmitia and McEwen (1976) have also shown that tryptophan hydro­
xylase, a key enzyme in serotonin biosynthesis is inhibited by CXM.
Another flow-on effect from the inhibition of protein 
synthesis is the accumulation of amino acids, including putative 
amino acid transmitters (HAMBLEY and ROGERS, 1979) . Proline and
11
glutamic acid have been reported to produce amnesia (VAN HARREVELD 
and FIFKOVA, 1974; CHERKIN, ECKARDT and GERBRANDT, 1976; GIBBS, NG 
and RICHDALE, 1977), and at least aspartic and glutamic acids produce 
brain lesions (OLNEY, HO and RHEE, 1971). CXM also severely inhibits 
corticosterone synthesis, presumably as a result of the inhibition 
of protein synthesis (FERGUSON, 1968) . Nakajima (1975) has suggested 
that decreased levels of corticosteroids could be primarily respon­
sible for the observed amnesia induced by CXM, but other workers 
failed to confirm this idea (SQUIRE, ST. JOHN and DAVIS, 1976;
DUNN and LEIBMANN, 1977). CXM also causes abnormal electrical 
activity in the parietal cortex, midbrain reticular formation and 
dorsal hippocampus of freely-moving mice (RANDT, KOREIN and LEVIDOW, 
1973; UNGERER, ROPARTZ and KARLI, 1974). Clearly CXM has a number 
of significant flow-on effects which could contribute to amnesia.
Even if CXM had only one direct effect, that of blocking 
protein synthesis, with no flow-on effects, and it could be proven 
that memory was absent, there would still be the question of whether 
the loss of memory was due to a failure to synthesize special proteins 
directly involved in memory, or whether the decreased levels of 
ordinary proteins required for normal cellular function were 
sufficient to cause amnesia. This is important because it is a 
generally unstated assumption in much of this work, both interventive 
and correlative, that experience causes the formation of new, 
experience-specific proteins which in some way encode the memory
of the experience.
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1.5 Behavioural Problems in Using Cycloheximide
The behavioural data is as confused as the biochemistry 
about the specificity of CXM. If protein synthesis is necessary for 
the consolidation of memory, the spontaneous recovery of memory 
hours or days after treatment, and the recovery of memory after 
behavioural or pharmacological manipulation (for reviews, see BARRACO 
and STETTNER, 1976; QUARTERMAIN, 1976; DUNN, 1980) suggests that some 
process other than consolidation is affected, and that memories 
can be stored in the brain, in spite of severe inhibition of protein 
synthesis.
Other reported behavioural effects of CXM are of increased 
locomotor activity (SQUIRE, GELLER and JARVIK, 1970; SEGAL, SQUIRE 
and BARONDES, 1971; GUTWEIN, QUARTERMAIN and McEWEN, 1974), 
suppression of maternal behaviour (HO, QUADAGNO and MOLTZ, 1974), 
changes in male sexual behaviour (QUADAGNO, ALBELDA, McGILL and 
KAPLAN, 1976), and the formation of conditioned aversions (BOOTH 
and SIMSON, 1973; NAKAJIMA, 1974, 1976; BOLAS, BELLINGHAM and 
MARTIN, 1979). At least the effects of CXM do not appear to be 
state dependent (ANDRY and LUTTGES, 1972; DANIELS, 1972;
QUINTON, 1974; SEMPLE, 1978).
Recently CXM has been reported to have drastic long-term 
effects on behaviour when injected into the brains of chickens 
during the period when rapid brain development is occurring 
(ROGERS, DRENNEN and MARK 1974). When CXM is given at this time, 
the birds take longer to learn new tasks, and their social behav­
iour is altered. Hambley and Rogers (1979) have suggested that
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the effects of CXM injected into young animals result from increased 
levels of glutamic and aspartic acids, which are a result of the 
inhibition of protein synthesis. If this hypothesis is correct, 
then CXM injected into young animals may have as wide a range of 
effects on brain ultrastructure and biochemistry, and behaviour, 
as do these amino acids (for review see McGEER, OLNEY and McGEER,
1978), if not an even wider effect.
The interpretation of behavioural changes induced by 
CXM is complicated by the wide range of effects which it could be 
having on the animal into which it is injected, both on the nervous 
system and on other tissues. In part for this reason, recent 
reviews of the literature on the role of protein synthesis in long­
term memory formation have come to conflicting conclusions.
Dunn (1980) concluded that "the data are entirely 
consistent with a true amnestic action for protein synthesis 
inhibitors, with the possible exception of certain actions of 
puromycin. The critical relationship between the time of training 
and the time of drug administration indicates that CXM and anisomycin 
affect the formation of memory rather than its retrieval".
In direct contrast, Quartermain (1976) concluded that 
"the memory deficit can be most readily accounted for in terms 
of an impairment of retrieval mechanisms. However, in view of the 
limited training conditions under which retrieval deficits can 
be produced, protein synthesis may play a less important role 
in memory than has been commonly believed".
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More cautiously, and more pessimistically, Rainbow (1979), 
concluded that "the cause of amnesia produced by protein synthesis 
inhibitors may never be known....".
This thesis investigates behaviourally the usefulness 
of CXM as a tool in research on memory and related areas. Through­
out the thesis, learning has been inferred from behavioural changes 
which occur during training. The maintenance of these changes after 
learning has been interpreted as evidence of memory. Lack of memory 
has been assumed when behaviour on the retention test is indist­
inguishable from behaviour during the learning trial. The terms 
learning and memory are used for convenience within this operational 
definition, even though the behaviour by which they are expressed 
could be modified by many other factors. Where these factors have 
been found to be significant, or when their influences have been 
suspected to influence behaviour, they are discussed in detail.
This thesis contains two sections. In the first section 
I have studied the effect of CXM on behaviour when the drug is 
administered to chickens in the second week of life, beyond what 
is commonly called "the imprinting period". In this section I 
have investigated the effects of CXM on behaviour within 3 days 
of treatment, concentrating on one task in which CXM is supposed 
to inhibit long-term memory formation.
In the second section of this thesis I have studied 
the effect of CXM on behaviour, when the drug is administered to 
chickens in the first week of life during the imprinting period,
15
when rapid brain development is occurring. The birds were not 
tested until late in the second week of life, more than a week 
after treatment. This section concentrates on the possibility 
that CXM induces permanent changes in the ability of the birds
to learn new tasks, and on the attentional processes of the birds.
16
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2. IS CYCLOHEXIMIDE AN INHIBITOR OF MEMORY FORMATION?
2.1 General Introduction
As discussed in Chapter 1, CXM has been used as a tool in 
memory research, supporting the idea that protein synthesis is necessary 
for the memory formation. Although the experiments using CXM have 
obtained interesting results, there has not been sufficient attention 
paid to sorting out the multitude of processes which CXM could affect 
through its action of protein synthesis. While the drug has marked 
specificity in that it has one or two primary sites of action (on 
protein synthesis, with an as yet insufficiently studied inhibitory 
action on acetylcholinesterase) the secondary consequences of the 
inhibition of protein synthesis are numerous.
CXM is usually administered peripherally (DUNN, 1975), 
necessitating large doses to ensure adequate inhibition of protein 
synthesis in the brain. This means that protein synthesis is markedly 
inhibited in other tissues of the body (WOOLSTON, MORGAN and HAMBLEY, 
1979), creating unwanted peripheral effects directly, or indirectly, 
attributable to the inhibition of protein synthesis.
To avoid using large doses, some experimenters have admini­
stered CXM centrally, because smaller doses given centrally may 
reduce the significance of any peripheral action of the drug. Even 
so, doses as large as 40yg CXM in 50yl saline, just below lethality 
(DRENNEN, 1973), need to be given to produce amnesia in young 
chickens (ROGERS et al., 1974; 1977). This dose given centrally has 
marked peripheral effects. Woolston et al., (1979) have reported 
gross pathological effects in the livers and gall bladders of 2 
day-old chickens, 1 h after intracerebral administration of 40yg CXM
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in 50yl saline. Thus central administration of CXM does not avoid 
the problem of peripheral effects.
Apart from the peripheral effects, the extensive dis­
ruption, within the brain itself, of functions dependent on ribosomal 
protein synthesis means that CXM is likely to have a variety of flow- 
on effects as mentioned in Chapter 1. Any one of these could be more 
directly responsible for the reported amnesia than the inhibition 
of protein synthesis per se.
To establish a causal relationship between inhibition of 
protein synthesis and memory loss is virtually impossible. The 
observed behavioural changes may not even be related to loss of memory, 
but may reflect disruption of some other brain function dependent upon 
protein. For example, a failure to decrease step-out latencies in a 
passive avoidance task may result from a decrease in locomotor activity 
of the experimental animal, or reflect drug-induced insensitivity 
to the consequences.
Another limitation inherent in the paradigm of experimental 
amnesia is the difficulty, or even impossibility in many cases, 
of dissociating memory formation from memory retrieval. Most 
writers have argued explicitly or implicitly that performance 
deficits are due to a failure of storage (for review see DUNN, 1980).
If this is correct, and no memory engram exists, recovery from 
amnesia should be impossible. However, over the last few years 
recovery of memory has been reported where inhibitors of protein 
synthesis have been used to produce amnesia. A number of workers 
have observed spontaneous recovery of memory (FLEXNER, FLEXNER and 
ROBERTS, 1966; QUARTERMAIN and McEWEN, 1970; SEROTA, 1971; ROBERTS 
and FLEXNER, 1972; SQUIRE and BARONDES, 1972;
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VAN ABEELEN, DAEMS and DOUMA, 1973; SCHMALTZ and DELERM, 1974). A 
non-contingent reminder shock, given after training in a passive 
avoidance paradigm, can overcome amnesia (BARONDES and COHEN, 1968a, 
1968b; COHEN and BARONDES, 1968; QUARTERMAIN, McEWEN and AZMITIA,
1970, 1972), as can exposing the trained animal to the training 
situation (QUARTERMAIN et al., 1972). Even intracerebral injections 
of saline can overcome puromycin-induced amnesia when administered 
2-60 days after training (FLEXNER and FLEXNER, 1967, 1968a, 1968b, 
1970) , and differential housing can attenuate CXM-induced amnesia 
(GOLUB, VARN and McCLUER, 1974).
Amnesia has also been mitigated with pharmacological 
agents, such as general stimulants (FLEXNER and FLEXNER, 1975; HALL, 
SCHLESINGER and STAMM, 1976; FLOOD, JARVIK, BENNETT, ORME and 
ROSENZWEIG, 1977; FLOOD, BENNETT, ORME, ROSENZWEIG and JARVIK, 1978) 
and compounds which affect catecholaminergic transmitter systems 
(BARONDES and COHEN, 1968a; ROBERTS, FLEXNER and FLEXNER, 1970;
SEROTA et al., 1972; BOTWINICK and QUARTERMAIN, 1974; QUARTERMAIN 
and BOTWINICK, 1975; GIBBS, 1976a, b; HALL et al., 1976; FLOOD, 
et al., 1977; QUINTON and BLOOM, 1977; GOLD and STERNBERG, 1978;
WALSH and PALFAI, 1978). The administration of hormones can over­
come apparent memory loss (LANDE, FLEXNER and FLEXNER, 1972;
WALTER, HOFFMAN, FLEXNER and FLEXNER, 1975; FLOOD, JARVIK, BENNETT 
and ORME, 1976) as can corticosterones and related compounds (ROBERTS, 
et al., 1970; NAKAJIMA, 1975; FLOOD, VITAL, BENNETT, ORME, VASQUEZ 
and JARVIK, 1978b). All these results suggest that information 
was actually stored but temporally irretrievable.
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Another problem is that obtaining amnesia is dependent 
upon details of the training and injection procedure (FLOOD and 
JARVIK, 1976; QUARTERMAIN, 1976). The need for temporal contiguity 
between training and injection, shown particularly in the fact that 
for CXM to be effective, it must be injected not too far before, or 
just after the training procedure, is the strongest argument linking 
the inhibition of protein synthesis to inhibition of memory formation. 
It has also been claimed that the performance decrements on retention 
depend upon the degree of inhibition of protein synthesis achieved 
at around the time of training (SQUIRE and BARONDES, 1976; QUINTON 
and KRAMARCY, 1977). A requirement for a long duration of inhibition 
has also been claimed (FLOOD, ROSENZWEIG, BENNETT and ORME, 1973) .
But Woolston et al., (1979) and Rainbow, Hoffman and Flexner (1980) 
have pointed out that calculations of the degree of inhibition of 
protein synthesis are spurious, because of the changes in amino 
acid pools which occur. All these variables cast doubt on the 
permanency of the amnesias reported in the literature.
The aim of the following experiments was to critically 
assess the evidence for CXM-induced amnesia on the Pebble Floor 
task used by Rogers et al., (1974; 1977), to see whether the amnesic 
behaviour could be overcome by simple behavioural manipulation, 
and to examine some of the general effects of CXM which might
be affecting performance of the task.
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2.2 General Methods
2.2.1 Chickens
White Leghorn x Black Australorp chickens were used in all 
experiments. All the chickens, except where specified, were unsexed 
birds hatched in the Department of Behavioural Biology, Australian 
National University.
2.2.2 Environmental conditions
Uniform housing conditions were maintained throughout all 
experiments. The 'home-cage' was of metal (23 x 23 x 29cm) with a 
clear perspex front. Beneath each home-cage was a disposable floor - 
a white Kleenex hand towel - which was changed each day. About 80g 
of fresh food was scattered on this background; presenting food in 
this way allowed 24 h access to food, and encouraged feeding behav­
iour over the entire floor. At all times water was available from 
a green dispenser at the rear right-hand corner of the cage. All 
cages were cleaned,and fresh water and food were supplied each day 
at approximately the same time.
Constant light and warmth for the chickens was provided
by 15 or 25 watt incandescent globes suspended 35cm above the cage
floor. In addition, an air conditioner helped to maintain the
oambient air temperature at 27 C.
The chicken starter crumbles (Hutmill, Melbourne), fed 
to the birds throughout the experiments, were free of antibiotic 
additives and nutritive supplements. Grain texture and colour was
consistent from one consignment to another.
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All the chickens arrived in the laboratory on day 1 of 
life and were housed in groups of 4-6 birds for two days. On the 
evening of day 3 the birds were placed into individual cages. 
Although visually isolated from each other, all the chickens could 
observe, and become familiar with the experimenter, who remained 
in the laboratory as long as possible each day.
All testing occurred in the home-cage. The chickens were 
introduced to the tasks by gently moving the home-cage across until 
the chicken was on the test floor (the same procedure was used for 
changing the dirty floors each day). The different groups were 
always randomly assorted on the shelves.
2.2.3 Drugs and their administration
A solution of 0.9% physiological saline was prepared by 
adding 2.25g NaCl (BDH) to 250ml boiled, distilled water. The CXM 
preparation was made by dissolving 0.04g CXM (SIGMA) in 50ml saline 
solution. Each chicken received either 40]jg CXM in 50yl saline , 
or 50yl saline only.
Solutions were administered intracerebrally by free-hand 
injection using a 50yl syringe. A volume of 25yl was given to each 
forebrain hemisphere. A 25 gauge needle was used with a stopper 
attached to prevent penetration greater than 3mm below the surface 
of the head (MARK and WATTS, 1971). The injection site was deter­
mined by the external contours of the head, the injection was aimed 
towards the posterior portion of the forebrain in the medial region 
of each hemisphere (Fig. 2.1).
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Fig. 2.1 An outline of a forebrain of a chicken showing the 
normal spread in the placement of the injection. These data 
are for 17 birds randomly selected from experiment 2.3.
Each bird received an injection into the posterior half of the 
forebrain in the medial region of each hemisphere.
24
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Drugs were always administered after training to avoid 
any effects that treatment might have on performance, and to avoid 
the possibility of state dependence. All injections were given 
after training, but within 10 min of beginning the task. CXM has 
been reported to produce amnesic behaviour on the Pebble Floor 
when administered 10 min after training (ROGERS et al. , 1974, 1977).
2.2.4 The Pebble Floor
The Pebble Floor is a simultaneous visual discrimination
task. It was designed to simulate the chickens' natural feeding
situation (ROGERS, 1971); the task provides a large number of
2targets to peck (approximately 400) over a 23 cm area.
The Pebble Floor consisted of a square of clear perspex 
to which had been glued small, grain-size pebbles (l-2mm). Most 
pebbles were similar to grain in colour with an overall colour 
range from white to dark brown. Grain was scattered on this back­
ground of pebbles; the ratio of grain to pebbles on the floor was 
2:3 (Fig. 2.2). This ratio is not significantly altered by the 
number of grains ingested during the task (ROGERS, 1971). The 
grain used on the floor was sieved to remove dust and all grains 
smaller than 1mm in length.
a) Training : A chicken was placed on the Pebble Floor after 
being deprived of food. The choices made in the first 60 pecks 
made by the bird on the floor were observed and recorded using a 
hand-piece attached to an Esterline-Angus Event Recorder which
26
Fig. 2.2 The Pebble Floor before and after the addition of grain.
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produced a time record of performance. Scoring was done by eye 
with only new choices being recorded. Repeated pecks at the same 
grain or pebble were ignored.
Performance on the floor was analysed by dividing the 
first 60 pecks each bird made on the floor into 3 groups of 20 and 
recording the number of pecks at pebbles (errors) in each block. 
Learning on the Pebble Floor was defined by two criteria: i) there 
had to be a statistically significant decrease in the number of errors 
between the first and last groups of 20 pecks; and ii) the number of 
errors in the last 20 pecks could not be significantly different 
from the saline controls, where appropriate (REYMOND, 1977).
b) Retention: Some time later, after a further period of depri­
vation, the chicken was placed back on the Pebble Floor and per­
formance was scored. The number of errors the bird made in the first 
20 pecks was used as an indication of the presence or absence of 
memory: low error scores have been interpreted as evidence of prior
experience, whereas large numbers of pecks at pebbles might suggest 
an absence of memory (ROGERS et al., 1974, 1977).
2.2.5 Training and testing regime
All training on the Pebble Floor was done on day 11. 
Retention testing occurred after a specified time interval, usually 
24 or 72 h.
The experimental schedule is shown in Fig. 2.3. In the 
experiment 4 basic protocols were applied: 3T:3R; 3:3'R'; 3T:15R;
and 3.15'R'.
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During training on the Pebble Floor two criteria were 
applied: a) the birds which failed to complete 60 pecks within 10 min 
were discarded; and b) to guarantee, as far as possible, that all 
birds tested for retention had in fact learnt the Pebble Floor task, 
each bird had to score 5 or less errors in the last 20 pecks. If 
a total of 30% or more birds was rejected for any reason from a 
batch, that batch was discarded. Only 4 batches in 2 years were 
discarded.
To allow for batch differences I aimed to have no one 
batch contributing more than 4 birds to any one group, with all groups 
containing 12 birds. Where exceptions occur they are noted in the 
text.
2.2.6 Statistical analysis
Before applying parametric statistics, the sample data was tested
for normality by the Shapiro and Wilk test (SHAPIRO and WILK, 1965),
and for sample homogeneity by the F test (ROSCOE, 1975). Formax
data where the sample distribution was normal and the variance 
homogeneous, a paired t-test was employed for all intra-group com­
parisons. An unpaired t-test was used for inter-group comparisons. 
Other parametric tests (ROSCOE, 1975) are noted when appropriate 
in the text. . For those data where non-parametric statistics 
(SIEGEL, 1956) were appropriate, the Mann-Whitney U test (MWU) 
was used for inter-group comparisons; for intra-group statistical 
analysis the Wilcoxon Matched-Pairs Signed-Ranks test (MPSRT) 
was employed. However, when tests based on ranks and randomization, 
such as the MWU test,were applied to data where the underlying
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distribution was discrete, as with error scores, where ties could 
and did occur, precise probability values could not be calculated.
In these cases probability ranges are given. Other tests are noted 
when appropriate in the text. All significance levels quoted are 
for two-tailed p-values unless specifically qualified.
2.3 Increased Deprivation Before Retention
2.3.1 Introduction
Recovery of memory after performance deficits on retention 
has been reported by a number of investigators, as described in 
detail in 2.1. In almost all of the experiments where recovery 
of memory has been reported,foot-shock was used to initiate and 
maintain baseline behaviour. The only non-aversive discrimination 
task for which recovery of memory has been reported is the reversal 
appetitive task used by Quartermain and Botwinick (1975).
No recovery of memory has been reported with chickens 
using the Pebble Floor task. The aims of the following experiment 
were to reproduce the amnesic behaviour observed on the Pebble 
Floor after CXM treatment reported by Rogers et al., (1974,
1977), and to determine if recovery of memory could be induced 
by increasing the period of deprivation before the retention test.
2.3.2 Methods
One hundred and twenty birds from 11 batches were used in 
this experiment. Detailed descriptions of environmental conditions, 
drugs and the testing regime can be found in section 2.2 The
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birds were trained on the Pebble Floor on day 11 and tested for 
retention 24 h later. The groups were those described in section 
2.2.5, namely 3T:3R; 3:3'R'; 3T:15R; 3:15'R'. Half the birds in
each group received CXM, the others, saline.
Non-parametric statistical analysis was used.
2.3.3 Results
The training performances of two groups of birds deprived 
of food for 3 h are shown in Fig. 2.4. Initially the birds selected 
a large number of pebbles. However, by the last group of 20 pecks 
the number of pecks at pebbles had decreased significantly 
(SAL: p«0.01, MPSRT; CXM: p « 0 .01, MPSRT) . The birds had learnt the 
task. Also plotted are the number of pecks at pebbles in the first 
20 pecks of the retention test for the trained treated groups and 
the untrained treated groups.
As shown by Rogers et al.(1977), performances on the reten­
tion test by the saline-treated and CXM-treated groups, trained 24 h 
earlier, were statistically different (p<<0.002, MWU). The trained 
saline-treated birds were statistically different from the untrained 
saline-treated group performing the task for the first time 
(p<<0.002, MWU) . No such difference was found between the two CXM- 
treated groups.
However the untrained CXM-treated group failed to learn 
the task during the retention test (Fig. 2.5). There was no
statistically significant decrease in the number of errors scored
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Fig. 2.4 The performance of the birds on the Pebble Floor during the 
training trial and the retention test after food deprivation for 3 h. 
The average number of errors ± standard error in blocks of 20 pecks has 
been plotted for the 60 pecks of the training trial as well as for the 
first 20 pecks of the retention test. The drugs were administered 
immediately after training and retention was tested 24 h later.
The groups (N=12/group) are ▲ —  ▲ saline - 3T:3R 
a saline - 3:3'R'
■--■ CXM - 3T:3R
□ CXM - 3 : 3 ' R'
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Fig. 2.5 The performance of the untrained groups on the Pebble 
Floor during the 60 pecks of the retention test, after food 
deprivation for 3 h. Included is the performance of the 
trained groups during the first 20 pecks. The average 
number of errors ± standard error in blocks of 20 pecks 
has been plotted for the different groups. The groups 
were trained where appropriate, and drugs were administered 
24 h prior to the retention test.
The groups (N= 12/group) are: a saline - 3T:3R
A--- a  saline - 3:3'R'
■ CXM - 3T:3R
□ ----□ CXM 3 : 3 ' R '
14
13
12
11
10
9
8
7
6
5
4
3
2
1
36
\
s \w\ \H
W
Y
/
/
/
/
/
/
/
/
/
/
/
/
1-20 21-40 41-60
R ET EN T IO N
BLOCKS OF PECKS
37
between the first and third groups of 20 pecks. The number of pecks 
at pebbles in the last 20 pecks was statistically higher than for 
the equivalent untrained saline-treated group (0.002<p<0.02, MWU). 
Hence the untrained CXM-treated group failed to meet the two criteria 
necessary for a learning performance. That is, 24 h after CXM was 
administered, the chickens were showing behavioural effects of the 
drug as measured by pecks at pebbles on the Pebble Floor.
Therefore after 3 h deprivation, the finding of Rogers 
et al.(1977) was confirmed: the trained CXM-treated birds behaved
as if they were naive. However, at this level of deprivation, the 
untrained CXM-treated group failed to learn the Pebble Floor task.
CXM treatment was affecting performance on the retention test 
24 h after drug administration.
The training performances of two groups of birds deprived 
of food for 15 h before retention are shown in Fig. 2.6. Included 
are the number of errors which each group made in the first 20 pecks 
when retention was tested. During training the two 
groups learnt the task within 60 pecks choosing statistically less 
pebbles in the last, relative to the first, block of 20 pecks 
(SAL: p<0.01, MPSRT; CXM: p<0.01, MPSRT). As expected the trained 
saline-treated birds chose statistically less pebbles in the first 
20 pecks of the retention test than the untrained saline-treated 
birds (p<0.002, MWU). Unexpectedly, the trained CXM-treated birds 
did not perform like naive birds when 15 h deprivation preceded the 
retention test. The trained CXM-treated group performed better, 
choosing statistically fewer pebbles, than the untrained CXM-treated
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Fig. 2.6 The performance of the birds on the Pebble Floor 
during the training trial after food deprivation for 3 h, 
and during the retention test after being deprived of food 
for 15 h. The average number of errors ± standard error in 
blocks of 20 pecks has been plotted for the 60 pecks of the 
training trial as well as for the first 20 pecks of the 
retention test. The drugs were administered immediately 
after training and retention was tested 24 h later.
The groups (N=12/group) are: a-- ▲ saline - 3T:15R
a saline - 3:15'R'
■-- ■ CXM - 3T:15R
□ CXM - 3:15'R'
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birds (0.002<p<0.02, MWU). The performances of the trained saline- 
treated and trained CXM-treated birds were not statistically different 
from each other in the first 20 pecks of the retention test.
After 15 h deprivation, as shown in Fig. 2.7, the untrained 
saline-treated group learnt the task within 60 pecks as indicated by 
a decrease in errors between the first and last groups of 20 pecks 
(p<0.01, MPSRT). The untrained CXM-treated group also showed 
improvement. Unfortunately, because there were several tied 
ranks between the number of errors in the first and last groups of 
20 pecks, the calculated probability was imprecise - having a range 
from about 0.07 to 0.04, MPSRT. The untrained CXM-treated group 
just failed to show statistically significant within-group improve­
ment in performance, one of the criteria for a learning performance. 
However, the performance of the two untrained groups in the last 
20 pecks was not statistically different, thus meeting the other 
criterion for a learning performance.
Thus, by simply increasing the deprivation level from 3 
to 15 h,the trained CXM-treated birds performed as well as the 
trained saline-treated birds during the retention test. The 
performance decrements observed in the untrained CXM-treated 
group after 3 h deprivation were almost overcome with longer 
deprivation.
2.3.4 Discussion
Young chickens treated with inhibitors of protein synthesis
on or about the time of learning have been reported to behave like
41
Fig. 2.7 The performance of the untrained groups on the Pebble 
Floor during the 60 pecks of the retention test, after food 
deprivation for 15 h. Included is the performance of the 
trained groups during the first 20 pecks. The average number 
of errors ± standard error in blocks of 20 pecks has been 
plotted for the different groups. The groups were trained 
where appropriate, and drugs were administered 24 h prior 
to the retention test.
The groups (N=12/group) are: ▲ saline - 3T:15R
a --a saline - 3:15'R'
■ CXM - 3T-.15R 
CXM - 3:15'R'
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naive birds when reintroduced to the training situation some time 
later (MARK and WATTS, 1971; ROGERS et al.1977). Using an appetitive 
simultaneous visual discrimination task - the Pebble Floor - Rogers 
et al.(1977) demonstrated behavioural changes consistent with memory 
inhibition after intracerebral administration of CXM.
Replication of the original experiment confirmed the 
basic result: the trained CXM-treated birds showed no apparent
retention of the training experience relative to the saline controls 
after 3 h deprivation. However, the untrained CXM-treated group 
failed to learn normally after 3 h deprivation when tested 24 h 
after drug administration. Rogers et alv(1977) did not report 
such learning deficits in their untrained CXM-treated group. This 
difference between the untrained CXM-treated birds in my experiment, 
and the same group used by Rogers et al.,(1977) could arise if the 
two groups of chickens were of different developmental age. Rogers 
et alv(1974) have reported that when CXM was administered to young 
chickens during a 'critical period' the birds learnt more slowly 
when tested on a number of tasks. Indeed, chickens injected with 
CXM between days 2 and 5 (inclusive) did not learn the Pebble Floor 
task within 60 pecks when trained on day 14. Hence, it could be 
argued that my chickens failed to learn because the birds were 
still in this 'critical period' when CXM was injected. However, 
this would necessitate an extension of the 'critical period' from 
day 5 to day 11. This seems unlikely, as variations in developmental 
age of only 1-2 days have been reported in the literature (FREEMAN 
and VINCE, 1975). The reason why my untrained CXM-treated group
failed to learn therefore remains unclear.
44
That my untrained CXM-treated chickens failed to learn 
has important implications. It raises the possibility that the 
observed 'absence of memory' in the first 20 pecks of the retention 
test could merely reflect a more generalised effect of the drug 
on all behaviour at this time. However, with only these data, one 
cannot ignore the possibility that despite the inability of the 
untrained CXM-treated birds deprived for 3 h to learn normally, 
the high number of errors scored in the first 20 pecks by the 
trained CXM-treated group may reflect inhibition of memory formation.
In order to test the reality of the supposed CXM-induced 
amnesia, birds were deprived for 15 h (cf. 3h) before the retention 
test. Under these conditions the untrained CXM-treated birds were 
similar to the untrained saline-treated birds, even though the 
intra-group improvement of the untrained CXM-treated birds just 
failed to be significant. Increasing the deprivation level overcame 
most of the CXM-induced changes apparent in the behaviour of the 
untrained CXM-treated group after 3 h deprivation. Given that the 
non-specific effects of CXM are not of significance at this level 
of deprivation, more meaningful inferences can be made from the 
performance of the trained CXM-treated group about the effect of 
CXM on the formation of memory. The trained CXM-treated birds 
performed as if they remembered as well as the trained saline- 
treated group. This effect was not due simply to rapid re-learning 
after increasing the level of deprivation. If this had been the case 
the untrained birds would have demonstrated the same behaviour.
This did not occur. The trained CXM-treated birds chose many more
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grains then the untrained CXM-treated birds.
It therefore appears that the level of deprivation is 
critical for memory expression in the Pebble Floor task. The 
birds trained 24 h earlier retained memory of the task despite 
treatment with the drug CXM. The previous results using lower 
deprivation levels may not reflect memory loss at all, and it 
is tempting to claim that CXM may be having no effect on memory 
of this task.
2.4 Increased Deprivation Before Training and Retention
2.4.1 Introduction
Throughout the above experiment, all the birds received 
3 h deprivation on day 11 followed by either 3 or 15 h deprivation 
the next day, before the retention test. Those birds that were 
deprived for 3 h before both the training and retention tests 
did not show any evidence of memory. When the deprivation level 
was increased before the retention trial, memory became apparent.
Is the expression of memory in this case due to the change in 
motivation between the training and retention trials, or simply 
due to the magnitude of deprivation before the retention test?
The aim of the following experiment was to choose between these 
two possibilities.
2.4.2 Methods
Sixteen chickens from 4 batches were used. Housing and 
drug administration were normal (section 2.2) . On day 11 all birds 
were deprived for 15 h before training on the Pebble Floor. Half
received saline (N=8) and the others CXM, immediately upon completing
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60 pecks (subject to the criteria in 2.2.5). After 9 h access 
to food the birds were again deprived for a further 15 h prior 
to the retention test. Non-parametric statistical analysis was 
used.
2.4.3 Results
Both groups of chickens learnt the task as shown in 
Fig.2.8. There was a statistically significant decrease in the 
number of errors in the last relative to the first block of 20 pecks 
(SAL: p<0.01, MPSRT; CXM: p<0.01, MPSRT). The number of errors in 
the first 20 pecks of the retention test is also given in Fig.2.8. 
There was no statistically significant difference between the two 
groups. For comparison the retention performances of the 3:15'R' 
groups from Fig.2.6 have been included. The performance of the 
trained CXM-treated birds (3T:15F)in Fig.2.6 and those (15T:15R) 
in Fig.2.8 is similar. Increasing the deprivation level before 
training had no effect on performance during the retention test.
2.4.4 Discussion
The expression of memory after 15 h deprivation by the 
3T:15R groups was not due to a difference in motivation between the 
training and retention trials. When the deprivation level was 
increased to 15 h before both the training and retention tests, 
memory was still observable. The magnitude of food deprivation 
before the retention test was the critical factor for the expression
of memory.
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Fig. 2.8 The performance of the birds on the Pebble Floor 
during the training trial and the retention test, after food 
deprivation for 15 h. Included for comparison is the 
performance of the untrained birds, deprived of food for 
15 h before the retention test, from Fig. 2.6. The average 
number of errors ± standard error in blocks of 20 pecks have 
been plotted for the 60 pecks of the training trial as well 
as for the first 20 pecks of the retention test. The drugs 
were administered immediately after training and retention 
was tested 24 h later.
▲ — a  saline - 15T:15R
a  saline - 3:151R'
■ — ■ CXM - 15T:15R
□ CXM - 3:15'R'
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2.5 Alternative Analysis 
2.5.1 Introduction
Memory inhibition induced by CXM was not found when young 
chickens were deprived for 15 h before testing retention on the 
Pebble Floor. And yet, after only 3 h deprivation, the birds made 
many pecks at pebbles in the first 20 pecks of retention, which 
has been interpreted as indicating loss of memory. Since we now 
know a memory trace must have been present at this time (although 
not indicated by the error scores), other behavioural parameters were 
investigated for evidence of experience.
Reymond (1977) has shown that 86% of untreated, 
untrained birds direct their first peck on the floor to a pebble.
In contrast, when tested for retention, most trained birds commence 
by choosing a grain in preference to pebbles. Not only is each 
bird's initial choice on the floor altered with experience, but 
the subsequent pecking pattern over the first 20 pecks also changes. 
Accompanying this is a dramatic decrease in the time necessary to 
complete a fixed number of pecks.
The performances of all the birds in section 2.3 were 
re-analysed using these three measures: initial choice, subsequent
pecking pattern and the time taken to complete the first 20 pecks.
Of particular interest was the behaviour of the trained CXM-treated 
birds after 3 h deprivation. A change in any, or all, of the above 
measures with experience would suggest memory was present, retriev­
able, and able to determine at least certain aspects of performance.
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2.5.2 Methods
The data from the birds in section 2.3 was used. The 
performance of each bird was re-analysed in the following manner:
a) the initial choice each bird made on the floor was noted. 
Ninety-five percent confidence intervals were calculated for 
the proportion of birds in each group (N=12) that chose to
peck first at a pebble during the retention test. The confidence 
intervals for the different groups were compared with a control 
confidence interval for untrained untreated birds to determine 
if either training or treatment statistically altered performance. 
The control 95% confidence interval for the proportion of 
chickens initially choosing a pebble was obtained by pooling 
data from all the untreated untrained birds in sections 2.5,
2.9, 3.5, and 3.6 - 240 birds in total.
The 95% confidence intervals were generated by using the normal 
approximation to the binomial (HALD, 1952). The appropriateness 
of the binomial model was determined by checking that the 
variance was less than the mean. The normal approximation to 
the binomial was appropriate for the control data where n was 
large (N=240), although the normal approximation to the binomial 
was less accurate for the groups where n was small (N=12);
b) the pecking pattern each bird adopted was analysed. To do 
this the 'runs' on each stimulus type were quantified by 
calculating:
i) the mean run length (MRL);
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ii) the % of each type pecked;
iii) the longest run;
and iv) the number of runs on each stimulus type.
A 'run' is defined as 'a series of new choices on the same 
stimulus type (e.g. grain) uninterrupted by pecks at the 
other stimulus type (i.e. pebbles)' (ROGERS and ANSON, 1979). 
Only the first 20 pecks (to the nearest run) - the same number 
of pecks used to measure 'memory' retention - were analysed 
to minimize possible re-learning effects and changes in 
preference. Non-parametric statistical analysis was used, 
c) the time taken to complete the first 20 pecks during training 
and the retention test was also recorded. Again, parametric 
statistics were inappropriate; non-parametric statistics were 
applied to the data.
2.5.3. Results
The number of chickens in each group of 12 birds that 
chose a pebble on the first peck is shown in Table 2.1. Alongside 
is a diagrammatic presentation of the respective 95% confidence 
intervals. The control 95% confidence interval for the proportion 
of untrained untreated birds that select a pebble first on the 
Pebble Floor is also included for comparison.
After 3 h deprivation before the retention test, both the 
trained saline-treated and the trained CXM-treated groups showed 
a similar decrease in the number of birds commencing with a pebble. 
The 95% confidence interval for the trained saline-treated group
was (0.61, 0.14) and for the trained CXM-treated group was (0.68, 0.19).
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Hence, it is highly unlikely that these birds came from the same 
population as the untrained untreated birds, the 95% confidence 
interval of which was (0.97, 0.61). Most of the untrained 
treated birds, regardless of the type of drug treatment, began 
by pecking a pebble. The 95% confidence interval for the untrained 
saline-treated group was (0.99, 0.65), and (0.95, 0.55) was the 95% 
confidence interval for the untrained CXM-treated group. Clearly, 
these birds were from a similar population to the control untrained 
untreated birds. Therefore, neither CXM nor saline was influencing 
the initial choice on the floor. Experience was the important 
determinant of behaviour. After training, both the CXM-treated 
and the saline-treated birds had altered their initial choice, and 
the trained CXM-treated birds were not like the untrained CXM- 
treated group.
After 15 h deprivation (Table 2.1), similar results 
were obtained. The untrained saline-treated birds had a 95% confidence 
interval of (0.95, 0.55) , and (0.99, 0.65) was the 95% confidence 
interval for the untrained CXM-treated group. In contrast, the 
95% confidence interval for the trained birds was (0.53, 0.09) 
regardless of the type of drug treatment. Once again the initial 
choice was unaffected by either saline or CXM administration.
On the other hand, experience dramatically altered the initial 
choice of both the trained saline-treated and trained CXM-treated 
groups. The initial choice behaviour was independent of deprivation 
level; only experience significantly altered this behaviour.
54
A detailed analysis of the pecking pattern adopted by each 
group over the first 20 pecks is shown in Table 2.2. Since the 
error scores for the trained and untrained CXM-treated groups were 
the same after 3 h deprivation, we might expect similar pecking 
patterns. However this was not the case. The trained CXM-treated 
group showed a statistically significant increase in the number of 
runs on both grain and pebbles made during the retention test 
relative to the untrained CXM-treated group (No. runs pebbles:
0.002<p<0.02, MWU; No. runs grain: 0.002<p<0.02, MWU). Prior 
experience was altering the pecking pattern adopted by the 
trained CXM-treated birds during the retention test. Surprisingly, 
the direction of this change was not the same as between the trained 
and untrained saline-treated groups. Whereas the trained CXM- 
treated group pecked more runs on pebbles and grain than the untrained 
CXM-treated group, the trained saline-treated group made fewer 
runs on pebbles, with a similar trend for grain, than the untrained 
saline-treated group. Thus, although prior experience was evident, 
the particular pattern of pecking adopted by the trained CXM-treated 
birds indicated that treatment with CXM also modified the behaviour 
that was observed on the Pebble Floor. There was an interaction 
between CXM treatment and training.
The difference in the error scores in the first 20 pecks 
of the retention test between the trained saline-treated and trained 
CXM-treated groups was reflected in the adoption of different 
patterns of pecking. The trained saline-treated birds had fewer 
runs on pebbles and grain, with the MRL on grain increasing and
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The data in Table 2.2 depict the patterns of behaviour adopted 
by chickens in the first 20 pecks, while searching for food on the 
Pebble Floor before and after drug treatment. On day 11 the birds 
(N=12 per group) were trained, where appropriate, after which all 
the birds were treated with either saline or CXM. Retention 
was tested 24 h later.
The mean values ± the standard error for the number of 
runs, percentage pecked, mean run length (MRL), and longest run 
on grains and pebbles for each group are tabulated. A two- 
tailed Mann-Whitney U test was applied to the individual scores 
of the different groups. ■ means p=0.05; ■■ means 0.002<p<0.02; 
■■■ means p<0.002.
Note : after 3 h deprivation the trained CXM-treated
birds made many more runs on pebbles, and on 
grain, than the untrained CXM-treated group, 
even though the total number of errors both
groups made was the same in the first 20 pecks.
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the groups were given was unrelated to performance on the Pebble 
Floor. This is in agreement with the error score data/ where both 
the trained saline-treated and the trained CXM-treated groups chose 
significantly fewer pebbles on the retention test than the untrained 
treated groups. As expected,the trained saline-treated birds pecked 
differently from the untrained saline-treated group. Relative to 
the untrained saline-treated group, the trained saline-treated 
group showed a decrease in the MRL and chose a smaller percentage 
of pebbles along with a corresponding increase in the percentage 
of grain pecked. Fig. 2.10 illustrates the typical patterns of 
pecking shown by the different groups after 15 h deprivation.
The time each group took to complete the first 20 pecks 
during training and retention is shown in Table 2.3. The trained 
saline-treated birds showed a statistically significant decrease 
in the time taken to complete the first 20 pecks of the retention 
test relative to untrained saline-treated birds after 3 h depri­
vation (p<0.002,MWU). In contrast, the trained CXM-treated group 
took as long as the untrained CXM-treated group to complete the 
first 20 pecks after 3 h deprivation. The trained saline-treated 
and CXM-treated groups were statistically different from each 
other (p<0.002, MWU).
After 15 h deprivation the trained saline-treated birds 
again completed 20 pecks in less time than the untrained saline- 
treated group (p<0.002, MWU). With the increase in the level of 
deprivation before the retention test, the trained CXM-treated 
group also performed more quickly than the untrained CXM-treated 
group (0.002<p<0.02, MWU).
the untrained birds commenced by choosing a pebble. 
In contrast, both of the trained groups 
began by selecting a grain;
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TABLE 2.3
THE EFFECT OF CXM ADMINISTRATION ON THE TIME 
TAKEN FOR THE FIRST 20 PECKS : 24 H AFTER 
TRAINING
GROUPS TRAINING DRUG RETENTION
TREATMENT
Time(min) Time(min)
2.410.3 SAL 0.610.2 "I
3T: 3R ■■
2.510.4 CXM 3.610.9,■
SAL 3.710.7_
3 :3 ' R'
CXM 3.510.7
2.410.4 SAL 0.510.1“!
3T:15R
1.810.4 CXM 1.510.6 -
■
SAL 2.310.3_ ■
3:151R'
CXM 2.110.3 -
Given in Table 2.3 is the average time taken (min) ± standard error for 
each group (N=12) to complete 20 pecks on the Pebble Floor before and 
after treatment. On day 11 the birds were trained, where appropriate, 
after which all the birds were treated with either saline or CXM. 
Retention was tested 24 h later.
A two-tailed Mann-Whitney U test was applied to the individual scores 
of the different groups. ■ means 0.002<p<0.02; ■■ means p<0.002.
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Thus, the trained CXM-treated group demonstrated experience, 
as inferred from the time taken to complete the first 20 pecks 
only after 15 h deprivation. The trained CXM-treated group 
deprived for 3 h required as long as the untrained CXM-treated 
birds to complete the first 20 pecks.
2.5.4 Discussion
When performance on the Pebble Floor was analysed in 
more detail,it became obvious that conclusions drawn from error 
scores alone were misleading. After 3 h deprivation, the trained 
CXM-treated birds chose a large number of pebbles in the first 
20 pecks of retention. Previously this was interpreted as evidence 
for memory loss induced by CXM. However, other aspects of the 
behaviour of birds treated with CXM showed that experience just prior 
to the injection of the drug did modify their subsequent behaviour.
For instance, the initial choice the trained CXM-treated birds made 
on the floor was unlike that of untrained CXM-treated birds. The 
majority of untrained CXM-treated birds initially selected a 
pebble; in contrast most trained birds, even when treated with 
CXM, chose a grain on the first peck.
Nor was this difference limited to the first peck.
Analysis of the first 20 pecks (to the nearest run) showed that 
training altered the pecking pattern adopted on the floor.
Despite the fact that the total number of pecks at pebbles was 
equal for the trained and untrained CXM-treated groups, the 
trained CXM-treated birds did not chose grains and pebbles in 
the same way as the untrained CXM-treated birds. Trained CXM-
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treated birds frequently alternated between grain and pebbles, 
as indicated by the increase in the number of runs made on each 
stimulus type. The untrained CXM-treated group failed to show 
this frequent switching. This difference between the trained 
and untrained CXM-treated groups in pecking behaviour was not 
due to experience alone, because the trained saline-treated group 
alternated less often between grain and pebbles than the untrained 
saline-treated group. The pattern of pecking adopted by the 
trained CXM-treated birds reflected an interaction between training 
and treatment with CXM.
Clearly, the trained CXM-treated birds had some memory 
of the training experience and this was demonstrable after only 3 h 
deprivation when appropriate analysis was applied to the data.
Both the first peck data and the pattern of pecking showed that 
the trained CXM-treated birds were familiar with the test. In 
contrast, neither the total error scores nor the time taken to 
complete the first 20 pecks indicated prior experience of the task. 
It was apparent after 3 h deprivation that the birds had retained 
something of the training experience, but the quantity and/or 
quality of this memory was not determinable at this level of 
deprivation.
After 15 h deprivation, regardless of the type of analysis 
used - be it error scores, initial choice, pecking patterns or 
the time to complete 20 pecks - the trained CXM-treated birds 
performed on the Pebble Floor like the trained saline-treated birds. 
In other words CXM was having no demonstrable effect on memory
formation.
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2.6 Food Consumption and Body Weight Changes 
2.6.1 Introduction
In section 2.3 it was shown that CXM-treated chickens 
failed to perform the Pebble Floor task like untrained saline- 
treated birds after 3 h deprivation. It was proposed that after 
the 3 h deprivation, trained CXM-treated birds failed to behave 
like trained saline-treated birds during the retention test because 
of non-specific effects of CXM. One possible way in which CXM 
might be affecting performance is by altering the motivation to 
feed. That is, CXM-treated birds might be less willing to eat 
after 3 h deprivation relative to the saline-treated birds. If 
this was the case, it would explain why, in 60 pecks, the untrained 
CXM-treated birds chose fewer grains relative to the equally- 
deprived untrained saline-treated group.
Indeed, if CXM treatment was affecting appetitive 
behaviour, the high error scores of the trained CXM-treated birds 
might not indicate inexperience, but rather reflect a changed response 
to the task, unrelated to the presence or absence of memory. This 
seems a likely explanation when it is remembered that the trained 
CXM-treated birds remembered some aspects of the training experience. 
It is possible that the unwillingness of the trained CXM-treated 
birds to continue choosing grains on the retention test after the 
initial peck results from appetitive changes alone. If changes 
were demonstrated in the bird's motivation to feed, this would 
not prove however that CXM was not inhibiting memory formation.
But if the CXM-treated and saline-treated birds were not equally
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willing to peck, then inferences about CXM preventing memory 
formation would be unsound. If CXM was altering appetitive behaviour, 
it was only significant at low levels of deprivation, because we 
know from sections 2.3 and 2.5 that performance on the Pebble Floor 
by the trained saline-treated and trained CXM-treated groups was 
identical after 15 h deprivation.
To determine if CXM was having any effect on appetitive 
behaviour, a record of 24 h food consumption was kept. The body 
weight of each bird was also monitored before and after admini­
stration of CXM.
2.6.2. Methods
Thirty-two birds from 5 batches were used. The chickens 
were raised under standard housing conditions (see 2.2). However, 
instead of scattering the chicken mash on the floor of the cage,
80.00g of food was provided in containers secured to the rear, left- 
hand corner of the case. These containers were of opaque plastic 
with a feeding hole 3cm in diameter located 3cm from the bottom of 
the container.
At a fixed time each day, commencing on day 9, each 
container was weighed to the nearest O.Olg, and the daily food 
consumption recorded. Before replacing the re-filled dispenser, 
each chicken was weighed.
On day 11, after being weighed, 16 chickens were randomly 
selected and given intracerebral injections of 20yg CXM in 25yl 
saline/forebrain hemisphere. The remaining chickens received an
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equivalent volume of saline. Food consumption and body weight 
measurements continued until day 14.
Student's t-test was used to determine if there 
were any statistically significant differences.
2.6.3 Results
Fig. 2.11 shows the daily food consumption before and 
after the administration of CXM. Until drug treatment both groups 
ate similar amounts of food. However, over the 24 h period after 
drug administration (day 11 - day 12), food consumption for the 
CXM-treated group declined. This drop in food consumption just 
failed to reach the 0.05 level of statistical significance. The 
difference in food consumption between the saline-treated and 
CXM-treated groups also just failed to reach the 0.05 level of 
statistical significance. However, over the following 24 h period 
(day 12 - day 13) the CXM-treated group showed a statistically 
significant increase in food consumption (t=5.76, df=15, p<0.001). 
Over the 48 h period from drug administration,the CXM-treated 
birds showed alterations in appetitive behaviour unobserved 
in the saline-treated controls.
Over the 24 h period from drug treatment (day 11 - day 12), 
(illustrated in Fig.2.12), the CXM-treated birds showed a stat­
istically significant drop in body weight relative to their pre­
injected values (t=2.19, df=15, 0.01<p<0.05). On day 12, the 
CXM-treated birds were statistically lighter than the saline-treated 
birds (t=2.25, df=30, 0.025<p<0.05). However, during the sub-
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Fig. 2.11 The daily consumption of food(g) ± standard error 
for the 3 days prior to and the 3 days subsequent to treatment 
with CXM on day 11.
The groups (N=16/group) are: a— a saline
■— ■ CXM
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Fig. 2.12 The daily changes in weight(g) ± standard error 
for the 2 days prior to and the 3 days subsequent to treatment 
with CXM on day 11.
The groups (N=16/group) are: ▲---a saline
■ ---- - CXM
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sequent 24 h period (day 12 - day 13) the CXM-treated birds showed 
a statistically significant increase in body weight (t=2.63, df=15, 
0.01<p<0.02), to be once again indistinguishable from the saline- 
treated group on day 13.
The effects of CXM administration on body weight were 
even more pronounced than those observed by measuring the food 
consumption.
2.6.4 Discussion
Rogers et al.,(1977) claimed that CXM administration only 
minimally affected the general behaviour of young chickens. They 
reported a brief fall in activity coupled with eye closure for up 
to 70 min after treatment. To minimise such behavioural effects 
(drowsiness etc.) during learning of the task, I always admini­
stered CXM after training. Further, they claimed that hungry 
chickens (3 h deprivation) ate normally in the home-cage after 
treatment, that there was no evidence of motor inco-ordination, 
or obvious sickness that would interfere with performance of the 
Pebble Floor task. It would appear from the body weight and food 
consumption data that CXM was not having such a brief effect; 
and that food consumption was altered (initially depressed then 
stimulated) by CXM administration for up to 48 h.
Although the CXM-treated birds showed a temporary 
anorexia over the initial 24 h after treatment, followed by 
recovery over the subsequent 24 h, the mechanism underlying these 
observations is not known. CXM could be causing a temporary 
imbalance in appetite control, making the animals more active 
as others have shown (GUTWEIN, QUARTERMAIN and McEWEN, 1974)
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so they are spending less time standing still in order to feed, 
or simply making the animals sick.
Regardless of the mechanism underlying the observation, 
the depressed food consumption observed over the 24 h period after 
the administration of CXM may explain why after 3 h deprivation 
the trained CXM-treated chickens failed to choose a large number of 
grains during the retention test on the Pebble Floor.
These findings have another implication. If food con­
sumption is initially depressed after the administration of CXM 
followed by gradual subsequent recovery, the birds deprived for 15 h 
may have effectively been deprived of food for much longer than 
merely 15 h. In fact they might effectively have been totally- 
deprived, then tested in a period in which their food consumption 
was stimulated.
2.7 Heaped and Scattered Food Presentation 
2.7.1 Introduction
The administration of CXM produces obvious general 
behavioural effects (see 2.3, 2.5 and 2.6). In the preceding 
experiment, anorexia was observed during the 24 h period after 
treatment with CXM. However the relationship between CXM-depressed 
food consumption and performance on the Pebble Floor was uncertain. 
Due to the experimental design used in section 2.6, conclusions 
about appetitive behaviour at 24 h, rather than over 24 h, were 
not possible. Nor were the animals deprived in experiment 2.6 
as they were before being tested on the Pebble Floor; only normal
ongoing appetitive behaviour was monitored.
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Since we know that deprivation level dramatically alters 
Pebble Floor performance, the appetitive behaviour of deprived 
birds was investigated at 24 h after food deprivation. It was 
considered important to determine if the manner of food presentation 
in association with CXM treatment also altered appetitive behaviour; 
because food consumption in a familiar environment may not reflect 
behaviour in a novel situation, such as the Pebble Floor.
2.7.2 Methods
Forty-eight chicks from 5 batches were raised in the 
normal manner; fresh food was scattered over the floor of the home- 
cage regularly each day.
On day 11 all birds were deprived for 3 h/after which half 
(N=24) received intracranial injections of CXM; the remainder (N=24) 
received equivalent volumes of saline solution. On day .12 the birds 
were again deprived for 3 h before receiving either the usual heap 
of food, or a few grains scattered about the floor of the home-cage.
Twelve CXM-treated and 12 saline-treated birds were given a 
80.00g heap of food. The number of pecks/min each bird made over 
5 min was recorded. No effort was made to monitor the number 
of grains actually ingested because pecking was too rapid. After 
5 min access to food, the floor was removed, the weight of food 
remaining was measured, and the amount ingested calculated. Any 
excrement was removed before weighing.
The remaining birds were given only a small amount of 
food - 5.00g - scattered about the floor of the home-cage; the
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amount was approximately that used on the Pebble Floor. The 
number of pecks/min each bird made for 5 min was recorded, as 
well as the number of grains actually ingested. The amount of food 
ingested in this time was calculated by weighing the floor on 
completion of the task.
As the groups of data were not normally distributed, 
non-parametric statistics were generally used to analyse the 
results. However, a trend analysis (EDWARDS, 1972) on the mean 
number of pecks/min over the 5 min was performed for scattered 
food presentation. This parametric test was appropriate because 
mean values are considered to be normally distributed, regardless 
of the underlying individual distributions (ROSCOE, 1975), and 
because the variances were homogenous.
2.7.3 Results
During 5 min access to a heap of food, after three h 
of deprivation, saline-treated birds consumed 0.76±0.10g. A 
similar amount was eaten by the CXM-treated birds: 0.82±0.06g. The 
total number of pecks and the number of pecks/min directed to the 
heaps by each treatment group were also alike. The saline-treated 
birds recorded a total of 351140 pecks while the CXM-treated group 
pecked 340126 times in 5 min (see Table 2.4).
During the 5 min access to scattered food, after 3 h 
deprivation, there were no statistically significant differences 
between the two groups. Both the number of pecks/min and the 
total number of pecks were the same. The saline-treated group
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TABLE 2.4
CONSUMATORY BEHAVIOUR AT 24 H, AFTER 3 H OF DEPRIVATION 
A) FAMILIAR FOOD PRESENTATION - HEAPS
DRUG NUMBER OF PECKS AMOUNT EATEN (g)
TREATMENT 1st min 2nd min 3rd min 4th min 5th min TOTAL
SAL 65±7 82±9 68±9 66110 6919 351140 0.7610.10
CXM 63±6 72±7 74±7 6315 6816 340126 0.8210.06
B) NOVEL FOOD PRESENTATION - SCATTERED
DRUG
TREATMENT
NUMBER OF PECKS AMOUNT EATEN (g)
1st min 2nd min 3rd min 4th min 5th min TOTAL
SAL 3615 38+5 31+5 33+6 2916 166122 0.4110.15
CXM 26+7 33+6 2815 2114 2415 133121 0.4610.18
DRUG
TREATMENT
NUMBER OF GRAINS INGESTED
1st min 2nd min 3rd min 4th min 5th min TOTAL
SAL 914 8+3 7+3 6+2 411 34 + 12
CXM 11+4 12+4 7+3 412 412 37114
The data in Table 2.4 A) give the number of pecks ± standard error directed 
to a heap of food (80g) after 3 h food deprivation as well as the amount 
eaten ± standard error during the 5 min test. The birds were initially- 
deprived for 3 h, 24 h prior to testing and treated with saline or CXM.
On day 12, after a further 3 h deprivation, appetitive behaviour was 
monitored. The data given in Table 2.4 B) describe appetitive behaviour 
when only 5g of food is presented under similar conditions. There were 
no statistically significant differences on any measures.
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made 166+22 pecks while the CXM-treated group recorded 133±21 pecks 
in 5 min. Although the number of pecks/min was consistently 
slightly less for the CXM-treated group, there was no significant 
difference between the two groups when a trend analysis was performed. 
Nor were any differences found in the number of grains ingested: 
the saline-treated birds ingested 34±12 grains compared with the 
37±14 consumed by the CXM-treated birds. However, the change from 
familiar food presentation to a more novel presentation reduced the 
average food consumption by almost half; the saline-treated group 
ate 0.41±0.15g and the CXM-treated group ate 0.46±0.18g.
Therefore, the appetitive behaviour at 24 h, after 
3 h deprivation, as measured in these two feeding situations was 
the same for both the saline-treated and CXM-treated groups.
2.7.4 Discussion
Monitoring the food consumption in the home-cage over the 
24 h period after the administration of CXM revealed a depression 
in general appetitive behaviour. However, when tested at 24 h, 
after 3 h deprivation, no such change was evident. Regardless 
of the manner of food presentation , large heaps or a few scattered 
grains, the saline-treated and CXM-treated birds performed similarly. 
This suggests that CXM was not significantly affecting appetitive 
behaviour at 24 h, when retention was normally tested on the Pebble 
Floor. However, once again it is impossible to entirely rule out 
the possibility that some non-specific effect of CXM treatment is 
still affecting Pebble Floor performance at this time. Although 
scattering a few grains about the home-cage is not the normal
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manner of food presentation, it may be sufficiently familiar to 
minimize small differences which novelty might magnify. Extra­
polations from this situation to a two choice situation, where one 
stimulus is familiar and edible, and the other novel and inedible, 
may be quite erroneous.
Because it is so difficult to determine if CXM is 
significantly affecting behaviour at 24 h,and hence to interpret 
the Pebble Floor results, perhaps the best solution is to test 
retention at a time when CXM appears to no longer affect general 
behaviour - for instance at 72 h. This would eliminate some of 
the doubt about possible interpretations of data obtained after 3 h 
deprivation at 24 h.
2.8 Increasing the Retention Interval 
2.8.1 Introduction
When trained CXM-treated chickens were tested after 
3 h deprivation for memory retention 24 h after training,they 
chose a large number of pebbles which could indicate drug-induced 
amensia. However, other measures suggested that these birds 
were not inexperienced. Appetitive changes induced by CXM might 
have affected performance at this time at low levels of deprivation. 
In order to minimize this confounding effect, if indeed it was 
present, section 2.3 was repeated, but memory retention was tested 
72 h after training and drug treatment. The 72 h interval was 
chosen because the CXM-treated and saline-treated birds in section 
2.6 showed similar body weight changes and food consumption over 
the 24 h period from 48 h to 72 h.
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In view of the discrepancies between the original findings 
(ROGERS et al., 1977) and the results of section 2.3, it was thought 
necessary to monitor the full 60 pecks of all the birds during the 
retention test. This was desirable as it offered a more extensive 
check on the stability of the memory trace 72 h after training.
It also provided an opportunity to observe the relearning capacity 
of the trained CXM-treated birds, if indeed they continued to choose 
a large number of pebbles in the first 20 pecks of retention after 
3 h deprivation at 72 h.
2.8.2 Methods
Ninety-six birds from 10 batches were used. Detailed 
descriptions of environmental conditions, drugs, groups, and testing 
regimes can be found in section 2.2. The experimental procedure was 
exactly the same, except that memory retention was tested 72 h after, 
instead of 24 h after the administration of the drugs. The birds 
were trained on day 11 and retested on day 14.
Statistical analysis was performed using non-parametric tests.
2.8.3 Results
The training performances of two groups of birds 
deprived of food for 3 h are shown in Fig. 2.13. Also included 
is the number of pecks at pebbles in the first 20 pecks of the 
retention test for the untrained and untrained groups (see Fig. 2.4 
for the equivalent 24 h retention data).
During training both groups chose statistically more 
pebbles in the first, relative to the last, block of 20 pecks,
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Fig. 2.13 The performance of the birds on the Pebble Floor 
during the training trial and the retention test, after food 
deprivation for 3 h. The average number of errors ± standard 
error in blocks of 20 pecks has been plotted for the 60 pecks 
of the training trial as well as for the first 20 pecks of 
the retention test. The drugs were administered immediately
training and retention was tested 72 h later.
The groups (N=12/group) are: ▲ A saline - 3T:3R
A saline - 3 : 3 ' R
■ ---■ CXM - 3T:3R
□ CXM - 3 : 3 ' R
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indicative of learning (SAL: p<0.01, MPSRT; CXM: p<0.01, MPSRT).
On retention the trained saline-treated group showed statistically 
significant memory savings relative to the untrained saline-treated 
group (p<0.002, MWU). In contrast, there was no significant 
difference between the two CXM-treated groups. Prior experience 
of the task had not altered the number of pebbles pecked in the 
first 20 pecks of retention. This is not due to any generalised 
effect of CXM administration, because the untrained CXM-treated 
birds performed like untrained saline-treated birds (Fig. 2.14).
A statistically significant decrease was evident in the number of 
errors between the first and last group of pecks during retention 
for both groups (SAL: p<0.01, MPSRT: CXM: p<0.01, MPSRT), in contrast 
to the results found when retention testing occurred at 24 h.
An interesting and somewhat unexpected result was observed 
with the trained CXM-treated group. Within this group a statistically 
significant decrease in the number of pebbles chosen was observed 
(0.01<p<0.02, MPSRT). But, the number of errors in the last 20 pecks 
was, at the same time, almost statistically different from the 
untrained CXM-treated group (probability range 0.05<p<0.10, MWU: 
there was a large number of tied ranks). Not only was there no 
evidence of training, but the trained CXM-treated group did not 
relearn the task as well as the untrained CXM-treated group.
Thus, 72 h after training the behaviour in the first 
20 pecks of the retention test after 3 h food deprivation was 
essentially the same as the behaviour observed 24 h after training.
82
Fig. 2.14 The performance of the birds on the Pebble Floor 
during the 60 pecks of the retention test, after food 
deprivation for 3 h. The average number of errors ± standard 
error in blocks of 20 pecks has been plotted for the different 
groups. The groups were trained where appropriate, and drugs 
were administered 72 h prior to the retention test.
The groups (N=12/group) are: a--- ▲ saline - 3T:3R
A ----A saline - 3:3'R'
■--- ■ CXM - 3T:3R
□---□ CXM - 3 : 3 ' R'
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In addition, the trained CXM-treated birds failed to relearn 
normally.
The training performances of two groups of birds deprived 
of food for 3 h are shown in Fig. 2.15. Included are the number 
of errors which each group made in the first 20 pecks when retention 
was tested after 15 h food deprivation. The similarity to Fig. 2.6 
is immediately obvious .
Both groups learnt the task as indicated by a decrease 
in errors over the 60 pecks of training (SAL: p<0.01, MPSRT;
CXM: p<0.01, MPSRT). For the first 20 pecks of the retention tes^ 
both trained groups were statistically different from their respective 
untrained groups (SAL: p<0.002, MWU; CXM: 0.002<p<0.02, MWU).
There was no statistical difference between the trained saline-treated 
and the trained CXM-treated groups. Memory of the training experience 
was evident in both groups regardless of type of drug treatment.
The performances of all four groups during the 60 pecks 
of the retention test are shown in Fig. 2.16. Both of the trained 
groups maintained their performance while the untrained groups 
both showed statistical decreases from the first to the last 
block of 20 pecks (SAL: p<0.01,MPSRT: CXM: p<0.01,MPSRT) .
However, the untrained CXM-treated group only satisfied this one 
learning criterion. The group chose statistically more pebbles 
than the untrained saline-treated group in the last 20 pecks 
(probability range 0.02<p<0.05, MWU) of the retention test. That is, 
although learning occurred the magnitude was not as great as for
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Fig. 2.15 The performance of the birds on the Pebble Floor 
during the training trial after food deprivation for 3 h , and 
during the retention test after being deprived of food for 15 h. 
The average number of errors ± standard error in blocks of 20 
pecks has been plotted for the 60 pecks of the training trial 
as well as for the first 20 pecks of the retention test. The
drugs were administered immediately after training and retention
was tested 72 h later.
The groups (N=12/group) are: ▲ ---- A saline - 3T:15R
A saline - 3:15'R'
■----■ CXM - 3T:15R
□ CXM - 3:15'R'
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Fig. 2.16 The performance of the birds on the Pebble Floor 
during the 60 pecks of the retention test, after food deprivation 
for 15 h. The average number of errors ± standard error in 
blocks of 20 pecks has been plotted for the different groups.
The groups were trained where appropriate, and drugs were 
administered 72 h prior to the retention test.
The groups (N=12/group) are: ▲-- ▲ saline - 3T:15R
A A saline - 3:15'R'
■ ■ CXM - 3T:15R
□-- □ CXM 3:15'R'
88
41-6021-40
RETENTION
BLOCKS O F PECKS
89
the untrained saline-treated group. However, the number of pebbles 
chosen by the untrained CXM-treated group was not statistically 
different from the trained CXM-treated group. Nor was there any 
significant difference between the two saline-treated groups in 
the last 20 pecks.
One additional unquantified observation should be noted 
here. Although the trained CXM-treated group pecked more grains 
than the untrained CXM-treated birds after 15 h deprivation, they 
did not actually ingest the grains chosen. This had also been 
observed when retention was tested at 24 h. Trained saline-treated 
birds, on the other hand, consumed almost all grains pecked at during 
the retention test.
2.8.4 Discussion
After 3 h deprivation, trained CXM-treated birds chose 
a high number of pebbles in the first 20 pecks of the retention 
test, when tested 72 h after treatment. This was at a time when 
trained saline-treated birds continued to perform well, showing 
only very slight, if any, memory deterioration, and at a time 
when the untrained CXM-treated birds learnt normally. Thus, this 
result is unlikely to be an artifact of CXM's effect on general 
behaviour as proposed at 24 h (see 2.3.4) . why then do the trained 
CXM-treated birds perform like untrained birds in the first 20 
pecks? Loss of memory is unlikely to be the explanation, because 
when deprived of food for 15 h before the retention test, the 
trained CXM-treated birds demonstrated memory by choosing very few 
pebbles throughout the retention test. Loss of memory would not
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explain why the trained CXM-treated birds did not relearn the task 
during the retention test. The effects of CXM, alone, cannot 
explain the data, because the untrained CXM-treated birds performed 
normally on the Pebble Floor after 3 h deprivation. At low levels 
of deprivation, the data suggests that when the birds are trained 
and then treated with CXM, experience of the task is modified in 
some way as yet unspecified.
2.9 Alternative Analysis after Increased Retention Interval
2.9.1 Introduction
Analysing the 24 h data in more detail suggested that 
after 3 h deprivation, the trained CXM-treated birds were not 
inexperienced. Indeed, both the first peck data and the pecking 
patterns results indicated the birds had retained some memory 
of the training experience. However, the reliance that could be 
placed on these results had to be tempered by the fact that the 
untrained CXM-treated group was not normal: this group failed to
learn the task like the untrained saline-treated group. In 
order to determine if these results were an artifact produced 
by CXM treatment on general behaviour at 24 h, the alternative 
analysis was repeated when the birds were tested 72 h after drug 
administration. At this time the untrained CXM-treated group did 
not show any performance deficits (see section 2.8).
2.9.2 Methods
The birds from section 2.8 were used. Each bird's
performance was re-analysed for:
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a) the choice of the first peck.
b) the pattern of pecking adopted in the first 20 pecks. This 
was done by calculating for pebbles and grains:
i) mean run length (MRL);
ii) percentage pecked;
iii) longest run; 
and iv) number of runs.
c) the time taken to complete the first 20 pecks.
For further details of analysis see section 2.5.2.
2.9.3. Results
Table 2.5 shows the number of birds in each group of 12 
birds that chose a pebble for the first peck. Alongside are the 
corresponding 95% confidence intervals for the data. After 3 h 
deprivation, 72 h after training, the first peck data showed very 
little evidence of memory in both the trained saline-treated and 
trained CXM-treated groups. The 95% confidence intervals for the 
saline-treated and CXM-treated birds trained 72 h earlier were 
(0.75, 0.25) and (0.86, 0.39) respectively. When the trained saline- 
treated group was compared with the control untrained untreated birds 
(confidence interval : 0.97, 0.61), there was slight evidence of 
memory. However, when compared with the untrained saline-treated 
group (0.95, 0.55), the confidence interval overlap became even 
greater. As a consequence it is likely that all birds in the 
trained saline-treated, the untrained saline-treated, and the 
untrained untreated groups came from the same population. That 
is, despite the drop in the number of birds choosing a pebble first
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after training, the first peck data failed to indicate statistically 
significant memory retention. The trained CXM-treated birds also 
failed to show evidence of memory on this measure. The 95% 
confidence interval for the untrained CXM-treated group was 
(0.99, 0.65) compared with (0.86, 0.39) for the trained CXM- 
treated group.
After 15 h deprivation, more trained birds began by 
choosing a grain first during retention testing. The 95% confidence 
interval for the trained saline-treated group was (0.75, 0.25) 
and for the equivalently trained CXM-treated group (0.68, 0.19). 
There was no overlap between these and the confidence intervals 
of (1.00, 0.76) for the untrained treated groups. Any comparisons 
between the control 95% confidence interval and the four groups 
above were inappropriate because of the difference in deprivation 
levels before the retention test. Regardless of treatment, both 
the trained saline-treated and trained CXM-treated groups were 
statistically different from the untrained groups. Both trained 
groups retained some memory of the training experience.
A detailed analysis of the pecking pattern adopted by 
each group over the first 20 pecks is shown in Table 2.6. The 
pecking patterns adopted during the retention test after 3 h 
deprivation by the trained and untrained CXM-treated groups were 
not the same, even though the number of errors recorded in the 
first 20 pecks was similar. The trained CXM-treated group 
showed a significant increase in the number of runs on grain 
(No. runs grain: 0.02<p<0.05, MWU). This change was also found
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The data in Table 2.6 depict the patterns of behaviour adopted 
by chickens in the first 20 pecks while searching for food on 
the Pebble Floor before and after drug treatment. On day 11 
the birds (N=12 per group) were trained where appropriate, 
after which all the birds were treated with either saline or 
CXM. Retention was tested 72 h later.
The mean values ± the standard error for the number of runs, 
percentage pecked, mean run length (MRL), and longest run on 
grains and pebbles for each group are tabulated. A two-tailed 
Mann-Whitney U test was applied to the individual scores of 
the different groups. ■ means 0.02<p<0.05; ■■ means 0.002<p<0.02; 
■■■ means p<0.002.
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when retention was tested 24 h after training (see section 2.5.3). 
The MRL on grain and the longest run on pebbles were both shorter 
than for the untrained CXM-treated group, but the differences 
just failed to reach the 0.05 level of statistical significance. 
Prior experience alone cannot account for these changes because 
the direction of the changes was not consistent with the changes 
noted between the trained saline-treated and untrained saline- 
treated groups. Prior experience was interacting with CXM treatment 
to alter the pecking pattern adopted by the trained CXM-treated 
birds during the retention test.
The difference in the error scores in the first 20 pecks 
of the retention between the trained saline-treated and untrained 
saline-treated groups was reflected in the adoption of different 
patterns of pecking by these two groups. The trained saline-treated 
birds pecked fewer pebbles, and the longest run and the MRL on 
pebbles were shorter than for the untrained saline-treated birds. 
Corresponding increases in the longest run and the MRL on grain 
were observed,with a higher percentage of grain being selected by 
the trained saline-treated group relative to the untrained saline- 
treated birds.
After 3 h deprivation the trained saline-treated and 
the trained CXM-treated groups also adopted different searching 
strategies on the Pebble Floor. The trained saline-treated birds 
had fewer runs on grain, the MRL on pebbles was smaller and the 
MRL on grain was larger than for the trained CXM-treated group.
As expected from the error scores, the percentage of pebbles
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chosen by the trained saline-treated birds was smaller and the 
percentage of grain larger than selected by the trained CXM-treated 
group.
After 15 h deprivation the trained CXM-treated birds 
pecked differently from the untrained CXM-treated birds, 
reflected by a difference in the number of errors made, and the 
pattern of pecking shown, on the floor. The MRL on pebbles was 
smaller and the MRL on grain longer for the trained CXM-treated 
group than for the untrained CXM-treated birds. The trained CXM- 
treated birds selected a higher percentage of grain and a lower 
percentage of pebbles than the untrained CXM-treated chickens.
Similar changes were also observed between the trained saline- 
treated and the untrained saline-treated groups.
Once again, experience was altering the pattern of 
pecking. Both trained groups performed alike after 15 h deprivation, 
regardless of the type of treatment. This was in agreement with 
the error score data, where both the trained groups chose statistically 
fewer pebbles on the retention test than the untrained groups.
These results confirmed the earlier data, when only 24 h had 
elapsed before retention was tested.
Table 2.7 gives the average time taken for the different 
groups to complete the first 20 pecks. After 3 h deprivation the 
trained saline-treated group pecked statistically quicker than the 
trained CXM-treated group (p<0.002, MWU). However, comparisons 
between the trained and untrained groups, after treatment with 
either saline or CXM, revealed no difference in pecking rate.
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TABLE 2.7
TOE EFFECT OF CXM ADMINISTRATION ON THE TIME 
TAKEN FOR TOE FIRST 20 PECKS : 72 H AFTER 
TRAINING
GROUPS TRAINING DRUG RETENTION
TREATMENT
Time(min) Time(min)
1.9±0.3 SAL 0.710.2 ~]
3T:3R
2.110.3 CXM 2.910.5 J
SAL 1.710.4
3: 3 ' R'
CXM 3.710.9
1.910.2 SAL 0.510.1 “ I
3T:15R
1.610.4 CXM 1.710.5 J
SAL 1.410.3
3:15'R'
CXM 1.410.3
Given in Table 2.7 are the average times taken (min) ± standard error 
by each group (N=12) to complete 20 pecks on the Pebble Floor before 
and after treatment. On day 11 the birds were trained, where 
appropriate, after which all the birds were treated with either saline 
or CXM. Retention was tested 72 h later.
A two-tailed Mann-Whitney U test was applied to the individual scores 
of the different groups. • means 0.002<p<0.02; •• means p<0.002.
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After 15 h deprivation, althouqh the trained saline-treated birds 
once aqain completed 20 pecks siqnificantlv sooner than the trained 
CXM-treated qroup (^0.02, MWU) , there was no difference between 
either of these qrouos and their appropriate untrained qroup.
2.9.4 Discussion
Seventy two hours after training and drug administration, 
differences between the trained and untrained CXM-treated groups 
were found. That is, evidence of experience was apparent beyond 
the time when the known non-specific effects of CXM were likely 
to complicate the behaviour observed on the Pebble Floor. As 
was the case at 24 h, the trained CXM-treated birds had many more 
runs on grain relative to the untrained CXM-treated group after 
3 h deprivation. This was despite the fact that both groups chose 
the same number of pebbles over the first 20 pecks of retention.
As before, it was not only the training experience that altered 
behaviour of the trained CXM-treated birds. There was interaction 
between CXM and training to produce this difference in behaviour.
After 15 h, when the error scores of the trained and 
untrained CXM-treated birds were different, different changes in 
pecking patterns were observed. The pecking patterns adopted by 
the trained saline-treated and trained CXM-treated birds were 
now similar. Extending the interval between training and retention 
testing to 72 h did not substantially alter the different pecking 
patterns adopted by each group at 24 h. This cannot be said about 
the first peck data however. After 3 h deprivation at 72 h,
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neither the trained saline-treated group nor the trained CXM-treated 
group demonstrated memory. Yet we know from the error scores 
and the pecking pattern data that both groups remembered something 
about the training experience. This suggests that the length of 
time elapsed between training and retention was important for this 
measure. Perhaps after 72 h the birds were beginning to forget, 
or did not as readily apply whatever training experience was 
retained. However, if memory deterioration was beginning, rapid 
relearning must have occurred to obtain the low error scores and 
similar overall pecking patterns observed for the trained saline- 
treated group. Similarly, although a difference did not show up 
on the first peck, the trained CXM-treated birds must have been 
able to rapidly establish experience-influenced pecking patterns, 
in order to be different from the untrained CXM-treated birds.
The time data also suggested that some performance deterioration 
occurred as a result of increasing the training - retention interval.
The trained saline-treated birds no longer performed more quickly 
than the untrained saline-treated group as observed at 24 h.
Indeed, no trained and treated group performed differently from the 
appropriate untrained group after 3 or 15 h deprivation.on this measure.
Despite some evidence that memory may be beginning to 
deteriorate, experience was still having substantial influences 
on performance during the retention test. The behaviour observed 
at 72 h was remarkably similar to that found at 24 h. Obviously 
the non-specific effect apparent in the performance of the untrained 
CXM-treated group had little effect on these measures and their
101
reliability as indicators of memory. At both 24 and 72 h after 
training, experience was affecting performance despite treatment 
with CXM.
2.10 General Discussion
Rogers et al.,(1977) reported that birds treated with CXM 
immediately after training on the Pebble Floor performed differently 
from birds treated with saline, when tested for retention after 3 h 
deprivation. This observation was confirmed in the above experiments. 
Rogers et alv(1977) suggested that CXM had inhibited memory consol­
idation of the training experience,rendering the trained CXM-treated 
birds naive.
This interpretation, although tenable with their results, 
was not supported by further analysis. When the behaviour on the 
Pebble Floor of the trained CXM-treated birds deprived for 3 h 
was analysed in greater detail, evidence of memory was found. The 
trained CXM-treated birds demonstrated their prior experience 
of the task by choosing mostly grains rather than pebbles for the 
first peck of the retention test, as the trained saline-treated 
birds did. But despite remembering at least some aspects of the 
task, the birds failed to continue utilizing this memory throughout 
the retention test in the same way as the trained saline-treated 
birds. The trained CXM-treated chickens rapidly alternated between 
choosing pebbles and grains, doing so much more often than untrained 
CXM-treated birds on the retention test. The trained saline-treated 
birds showed much less switching between grains and pebbles than 
either CXM-treated groups. Thus the behaviour of the trained
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CXM-trained birds was modified by experience and CXM, acting together. 
CXM interacted with the training experience in some way to 
dramatically alter the behaviour of the trained CXM-treated birds 
for at least 72 h. We know an interaction occurred, because CXM- 
treated birds would have behaved like the saline-treated birds if 
their altered behaviour was just a result of prior experience.
The manifestation of this interaction is deprivation- 
dependent. When trained CXM-treated birds were deprived for 15 h 
before testing for retention, the birds performed on the Pebble Floor 
like trained saline-treated birds. Despite treatment with CXM, 
the birds remembered and, what is more, utilised their memory of 
the Pebble Floor task. This was the case when retention was tested 
24 h and 72 h after training.
Thus, the fact that the trained CXM-treated birds chose 
a large number of pebbles on the retention test after 3 h deprivation 
is not sufficient evidence to conclude that memory consolidation 
has been prevented by the administration of CXM. In fact the 
birds were not naive. As the birds evidently had some memory of the 
task, it could be argued that CXM only partially inhibited memory 
formation. This might occur if there was insufficient inhibition 
of protein synthesis, or if CXM was administered too long after 
training, and as a result information was retained. In either case 
the trained CXM-treated birds might be expected to perform more or 
less like the trained saline-treated birds along a continuum ranging 
from experienced to inexperienced. But this was not the case.
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The trained CXM-treated group selected grains and pebbles during 
the first 20 pecks of the retention test in a manner unlike either 
untrained CXM-treated or trained saline-treated birds. Nor can 
the partial memory explanation account for the relatively poor 
performance of the trained CXM-treated birds during the entire 
retention test: normal learning should have occurred. The partial
memory idea cannot explain why, after 15 h deprivation, the trained 
CXM-treated birds failed to actually ingest the grain selected, 
unlike the saline-treated birds which avidly ate each grain chosen. 
And it is difficult to conceive of a little bit of memory which 
would allow the correct initial choice to be made on the floor, 
without the bird continuing to choose correctly. This change in 
behaviour observed would be perhaps more likely to occur if the 
birds had attentional changes, unrelated to memory formation.
This possibility is investigated in some depth in Chapter 6.
Clearly there is a problem in rationalizing the data to 
accommodate a partial memory explanation. Unfortunately it is 
impossible to directly test this explanation by increasing the dose 
of CXM to increase the inhibition of protein synthesis. The 40yg 
CXM in 50yl saline dose used is already very close to a lethal 
one (DRENNEN, 1973).
Another possible explanation of the data is that CXM may 
not be blocking the formation of memory, but may instead be 
inducing a retrieval malfunction. In this case memory would be 
present but either undetectable behaviourally or inappropriately
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translated into behaviour. This explanation has been advanced 
by other workers to explain spontaneous recovery of memory 
(QUARTERMAIN and McEWEN, 1970; QUARTERMAIN et al., 1970;
SEROTA, 1971) . In order to try to explain the present data in 
terms of a retrieval malfunction, it is necessary to make two 
assumptions.
Firstly, let us assume the CXM-induced block is not 
constant or unchanging, but susceptible to, and modified by, 
both experimental and motivational factors. Thus, after 3 h 
deprivation,the retrieval block would have to be initially 
ineffective, enabling the initial choice on the Pebble Floor to 
be correct, after which pecking behaviour would alter because 
information was no longer being read out correctly. And because 
the retrieval block was less effective with longer deprivation, 
the trained CXM-treated birds performed like trained saline-treated 
birds, choosing grains in preference to pebbles after 15 h 
deprivation. This assumption therefore explains two of the 
observations unaccounted for by the partial memory explanation.
Although this assumption works, it seems a bit far­
fetched. Intuitively one might expect experience to
overcome a retrieval block rather than to enhance or trigger it.
Nor is it obvious just why the trained CXM-treated birds after 
15 h deprivation did not go on to swallow the (familiar) grains 
they selected.
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Secondly, to explain all the data we would have to 
assume that the retrieval block is not restricted to memories 
formed at the time of drug administration, but affects subsequent 
behaviour also. Then the fact that the trained CXM-treated birds 
did not learn during the retention test could be explained too. 
However this assumption conflicts with one of the cornerstones 
on which the paradigm of drug-induced amnesia is based: temporal
localization of the effect. Thus the retrieval explanation also 
has problems accommodating all the data.
No assumptions need be made,, and all my results to date 
can be accounted for, if CXM is acting as an aversive agent and 
producing a conditioned aversion to grain in the Pebble Floor 
context. That CXM does make the animals temporarily very sick 
is quite obvious. Soon after administration the birds cease 
feeding in the home-cage and close their eyes. They become 
hunched up, have ruffled feathers and continuously utter small 
distressed sounds. This may continue for a number of hours 
before they gradually recover and resume feeding behaviour.
The possibility that the birds have formed a conditioned aversion 
by associating training with illness induced by CXM will be
considered in more detail in the next chapter.
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3. CYCLOHEXIMIDE AND CONDITIONED AVERSIONS 
3.1 General Introduction
If an animal experiences illness at, or shortly after, 
eating a novel food, it will subsequently avoid that particular 
food (GARCIA, KIMELDORF and KOELLING, 1955). The animal forms 
a conditioned aversion to the food by associating its ingestion 
and subsequent illness (REVUSKY and GARCIA, 1970). Conditioned 
aversions can be formed when the subsequent illness is delayed 
for a number of hours after eating (SMITH and ROLL, 1967; REVUSKY,
1968; ESTCORN and STEPHENS, 1973), and with only one presentation 
of the novel food (REVUSKY and GARCIA, 1970).
Although most work has investigated the formation of 
conditioned taste aversions in rats, the phenomenon is not 
restricted to this modality, or this species. Conditioned visual 
aversions to food have been reported for bobwhite quail (WILCOXIN, 
DRAGOIN, and KRAL, 1971), chickens (CAPRETTA, 1961; CAPRETTA and 
MOORE, 1970; GASTON, 1977, MARTIN, BELLINGHAM and STORLIEN, 1977), 
guinea pigs (BRAVEMAN, 1974, 1975), and monkeys (GORRY and OBER, 1970). 
Wilcoxin, Estcorn, and Czaplicki (1975) have demonstrated illness- 
induced aversions for a visually distinct place, that is, for a 
non-food related cue, in quail. A variety of exteroceptive cues, 
such as type of food container, location of food and temperature 
of food may also be associated with illness, although several 
training trials are usually necessary (GARCIA and KOELLING, 1966;
ROZIN, 1969). Like conditioned taste aversions, conditioned
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visual aversions can occur after considerable temporal delay: 
up to 8 h in chickens (MARTIN and BELLINGHAM, 1979).
In general, the magnitude of conditioned taste and 
visual aversions is dependent on an animal's prior experience, 
if any, of the to-be-associated stimuli (BRAVEMAN, 1974). For 
example, conditioned taste aversions are not readily formed to 
familiar substances (FARLEY, McLAURIN, SCARBOROUGH and RAWLING, 1964; 
ROZIN and KALAT, 1971), although they may be formed to familiar 
stimuli when there are no interfering stimuli (GARCIA and KOELLING, 
1967)- The strength of the conditioned aversion formed depends on 
numerous other parameters; the animal's pre-exposure to illness, 
and the strength of the conditioned and unconditioned stimuli for 
example (BROOKSHIRE and BRACKBILL, 1971; WRIGHT, FOSHEE and McLEARY, 
1971; ELKINS, 1974; BARKER, 1976). Once formed, conditioned 
aversions continue to influence behaviour for a considerable time 
(REVUSKY and GARCIA, 1970).
For some time a controversy has existed concerning the 
implications of the conditioned aversion paradigm for traditional 
learning theory (see, for example, BENJAMIN and AKERT, 1959) . It 
has been suggested that the formation of conditioned aversions 
represents a unique type of learning for a number of reasons:
(i) learning occurs after long delays between ingestion and 
illness; (ii) animals seem predisposed to associate certain cues 
with certain consequences. For instance, chickens and quail 
readily associate visual cues with illness, whereas rats more 
readily link taste and sickness; and (iii) with only one trial
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sufficient learning occurs, and is retained, to clearly alter 
subsequent behaviour for a considerable period of time.
Other workers believe a common underlying mechanism 
exists for all learning and memory processes. A number of 
techniques have been used in conjunction with the conditioned 
aversion paradigm to look into this question (NACHMAN, 1970;
BEST and ZUCKERMAN, 1971; ROLL and SMITH, 1972; BURES and 
BURESOVA, 1974; TUCKER and GIBBS, 1976) . Tucker and Gibbs (1976) 
treated rats with CXM to determine if protein synthesis was 
necessary for the formation of conditioned taste aversions.
They produced aversions by pairing the drinking water of 
sweetened with saccharin and sickness induced by LiCl. They 
reasoned that if the rats failed to show a conditioned taste 
aversion to saccharin water after CXM treatment, memory formation 
of the training experience must have been disrupted. They found 
that treatment with CXM 1 to 3h, and more than 9 h, before 
training did not induce memory loss. However, rats treated with 
CXM 5 to 9 h before training readily drank saccharin water when 
tested for retention. No conditioned taste aversion was evident 
at this time. Tucker concluded that protein synthesis-dependent 
processes were involved in the establishment of conditioned 
aversions, although the requirement for CXM to be administered 
so long before the training trial was unusual.
Bolas, Bellingham,and Martin,(1979) found no such 
inhibition of a conditioned visual aversion using CXM and young 
chickens. They administered CXM intracerebrally to chickens on
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day 15, 2 or 6 h before feeding the birds a novel coloured food. 
Thirty minutes after eating the red food, LiCl was administered to 
the birds. When tested on day 19 the chickens ate very little 
red food. The birds had paired the ingestion of the novel 
coloured food with sickness induced by LiCl, despite being treated 
with CXM. They also found that CXM not only failed to produce 
amnesia of the conditioned aversion, it actually produced con­
ditioned aversions. Chickens treated with CXM after eating 
red food for the first time avoided red food when it was presented 
again. CXM was as effective as LiCl in producing a conditioned 
visual aversion. Given this, they suggested that Tucker and 
Gibbs' results merely reflected 'two aversive agents being 
injected in sequence'. They explained that no aversion would be 
formed when CXM was given 5 to 9 h before training because 
'the onset...of illness is too far in advance of the feeding 
experience'. Backward conditioning only occurred to produce 
food avoidance during the retention test when CXM was given up 
to 3 h before feeding. If Bolas et al. , (1979) are correct,
no conclusions about conditioned aversions and general learning 
processes can be drawn from the experiments of Tucker and Gibbs 
(1976). More importantly for this thesis however, the work of 
Bolas et al., (1979) calls into question the interpretation of 
poor performance where CXM has been used in conjunction with 
an appetitive task such as the Pebble Floor. Poor performance 
may not result from inhibition of memory formation but from the
formation of a conditioned aversion.
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The aims of the following experiments were to determine 
if CXM could induce a conditioned aversion to familiar food in a 
novel environment, and to assess the durability and character of 
any conditioned aversion formed.
3.2 Perspex-Grain Task ; 24 Hours
3.2.1 Introduction
CXM can produce conditioned odour aversions in rats 
(BOOTH and SIMSON, 1973) , conditioned taste aversions (SQUIRE, 
EMANUAL, DAVIS and DEUTSCH, 1975), and conditioned aversions to 
water (NAKAJIMA, 1974, 1976) in mice, as well as conditioned 
visual aversions in young chickens (BOLAS et al., 1979). This 
implies that memory formation is possible in the presence of 
CXM, and further that as a result of CXM treatment an associative 
memory is formed. In the preceding chapter it was shown that 
CXM did not completely prevent memory formation of the Pebble 
Floor task. Using appropriate analysis, memory was demonstrated 
where none was thought to exist. It was impossible to reject 
or confirm theories which explained the results in terms of 
partial memory formation or retrieval deficits, but a number 
of observations were inconsistent with them.
It was suggested that CXM administration in conjunction 
with the novel training situation may have produced a conditioned 
aversion to grain in the context of the Pebble Floor. A number 
of observations support this contention. The high number of
pecks at pebbles by the trained CXM-treated group in the first
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20 pecks after 3 h of food deprivation may indicate a reluctance 
to choose grain rather than amnesia. An association between grain 
in this context and CXM-induced illness may have been formed.
The fact that the birds continued to choose a large number of 
pebbles and did not show the usual decrease in errors over 
60 pecks could also be explained if a conditioned aversion 
had been produced by CXM. The fact that after 15 h food deprivation, 
trained CXM-treated chickens pecked at, but failed to ingest, 
grain is consistent with this idea. The characteristically- 
altered pecking patterns of trained CXM-treated birds, along 
with the birds' slowness to peck (evident, although not signi­
ficant) offer further support.
Although the behavioural evidence suggests that a 
conditioned aversion may have been induced, there is little, or no, 
evidence in the literature to support this idea. In order to 
form a conditioned aversion the birds would have to associate 
familiar food in a novel environment with CXM-induced illness.
As described above (section 3.1), familiarity usually attenuates, 
or even inhibits, the formation of conditioned aversions. Other 
workers have shown that the association of illness with extero­
ceptive cues, such as food location, usually requires several 
training trials.
The following experiments were designed to determine 
if the formation of a conditioned aversion to familiar food on 
a novel background was possible using CXM as the aversive agent.
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3.2.2 Methods 
Perspex-Grain task
The Perspex-Grain task is simply a square of clear 
perspex on which grain is scattered. The amount of sieved grain 
is the same as used on the Pebble Floor.
Training
When first introduced to the task food-deprived chickens 
only pecked at, without eating, grain in this novel environment. 
However, within 60 pecks the chickens began to ingest the food.
A record of performance was obtained by recording the number of 
grains ingested in the first 60 pecks on the floor. It is possible 
to quantify this behaviour in a number of ways: by recording
the total number of grains ingested and plotting the number of 
grains ingested in consecutive groups of 20 pecks; by recording 
the number of pecks to the first ingestion; and the overall time 
to complete 60 pecks.
Retention
If a bird has memory of the task, each of the above 
measures will change when the bird is tested for retention. No 
change in behaviour could mean an absence of memory.
Ninety-six chickens from 10 batches were raised under 
standard conditions (section 2.2.2). The birds were arbitarily 
assigned to one of the four groups described previously (section 
2.2.5): 3T:3R; 3:3'R'; 3T:15R; 3:15'R'. Half the birds in each 
group received 40pg CXM in 50]Jl saline (N=12), those remaining
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received 50yl saline. The birds were deprived for 3 h and trained 
(where appropriate) on day 12; retention was tested after the 
appropriate deprivation period on day 13.
The 24 h retention interval was chosen because the 
scattered food experiment (section 2.7) had shown that appetitive 
behaviour at this time was not affected by drug treatment. It 
was assumed that because of the similarity in grain presentation 
of the two tasks, consumption of grain off perspex (cf. paper towel) 
would also be unaffected 24 h after drug treatment.
The time taken to complete 60 pecks, the number of pecks 
before the first ingestion, and the total number of grains ingdsted 
in 60 pecks^ were recorded. Performance was monitored for a fixed 
number of pecks, rather than for a fixed time interval as most 
commonly used in toxicosis research, to enable more direct comparison 
with Pebble Floor performances.
Non-parametric statistical analysis was appropriate and 
applied to all the data.
3.2.3 Results
The number of grains ingested in 60 pecks for the 
different groups is shown in Table 3.1. After 3 h deprivation 
the trained saline-treated chickens ingested significantly more 
grains during 60 pecks than the untrained saline-treated group 
(p=0.05, MWU) : 31±4 grains compared to 16±3. In contrast, 
the group which received CXM immediately after training consumed 
only 5±2 grains during the retention test, whereas the untrained
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TABLE 3.1
THE EFFECT OF CXM ADMINISTRATION ON PERSPEX-GRAIN 
PERFORMANCE 24 H AFTER TRAINING : THE NUMBER OF 
GRAINS INGESTED IN 60 PECKS
GROUPS TRAINING DRUG RETENTION
TREATMENT
Grains Grains
Ingested Ingested
20±3 SAL 31±4 “1
3T:3R
21±4 CXM 5±2 j{
SAL 16±3 _!3:3'R'
CXM 24±4
22±3 SAL 38±4 ~
3T:15R
23±4 CXM 12±3 _
SAL 27±4
3:15'R'
CXM 24±5
The average number of grains ingested ± standard error by each group 
(N=12) in 60 pecks is shown in Table 3.1. Training, where appropriate, 
occurred on day 12 after which drugs were administered. Retention 
was tested 24 h after training on the Perspex-Grain task.
A two-tailed Mann-Whitney U test was applied to the individual scores 
of the different groups. •• means p=0.05; ••• means p<0.002.
Note : i) after 3 h deprivation the trained CXM-treated birds had
depressed food consumption relative to the untrained 
CXM-treated birds during the retention test;
ii) after 3 h deprivation the trained saline-treated
birds had elevated food consumption relative to the 
untrained saline-treated birds during the retention test.
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birds ate 24±4 grains in the 60 pecks (p<0.002, MWU). Since 
the untrained groups, regardless of treatment, ingested the same 
amounts of grain, the differences in consumption observed between 
the trained and untrained groups had to be due to prior experience 
coupled with specific drug treatment. That is, prior experience 
coupled with the administration of CXM depressed grain consumption 
on retention, whereas consumption was enhanced when treatment with 
saline followed training. Not surprisingly, the trained saline- 
treated and trained CXM-treated groups consumed statistically 
different amounts of grain (p<<0.002, MWU).
When the level of deprivation was increased to 15 h, 
prior experience became a less important influence on subsequent 
consumption. The same trends were observed but the/ failed to 
reach statistical significance. The trained saline-treated birds 
ate 38±4 grains compared with the 27±4 grains ingested by the 
untrained saline-treated group. The trained CXM-treated birds 
ate 12±3 grains in 60 pecks (more than double that after 3 h 
deprivation), and were almost statistically different from the 
untrained CXM-treated group deprived for the same time which 
ate 24±5 grains. When only the first 20 pecks on the floor were 
considered, the two CXM-treated groups were statistically 
different (p=0.05, MWU), even though the total number of grains 
ingested in 60 pecks was not statistically different. In the 
first 20 pecks the trained CXM-treated birds ate 4±1 grains while 
the untrained CXM-treated birds ate double this amount: 9±2.
Prior experience was still evident after 15 h deprivation, since
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the reluctance to ingest grain associated with training and 
treatment observed after 3 h deprivation was still apparent.
However the increased deprivation did mean that the birds began 
to ingest within 60 pecks, although not as early as before 20 pecks. 
Once again, the two trained and treated groups performed differently 
from each other (p<0.002, MWU).
The number of grains ingested in consecutive groups of 
20 pecks after 3 and 15 h of deprivation are shown in Fig. 3.1 
and Fig. 3.2, respectively. Consumption over the 60 pecks was 
relatively constant. There were no significant differences 
between the groups in the number of grains ingested in the first, 
relative to the last, group of 20 pecks.
The number of pecks made before ingestion began is given 
for each group in Table 3.2. After 3 h deprivation the untrained 
CXM-treated birds began to eat after only 5±2 pecks, statistically 
sooner than the trained CXM-treated birds (0.002<p<0.02, MWU).
Although it was not statistically significant, the opposite trend 
was observed between the two saline-treated groups. The untrained 
saline-treated group pecked 1115 times before ingestion began, 
whereas the trained saline-treated group began to eat after only 
6±2 pecks. Not surprisingly, the trained CXM-treated and trained 
saline-treated groups were statistically different (0.002<p<0.02, MWU).
These same changes were observed after 15 h deprivation..
The trained CXM-treated group made twice as many pecks (16±5) as 
the untrained CXM-treated group (8±5) before swallowing a grain.
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Fig. 3.1 The number of grains ingested during the training trial 
and retention test on the Perspex-Grain task, after food 
deprivation for 3 h. The average number of grains ingested ± 
standard error in blocks of 20 pecks has been plotted for the 
60 pecks of the training trial, as well as for the 60 pecks of 
the retention test. The drugs were administered immediately 
after training, and retention was tested 24 h later.
The groups (N=12/group) are: ▲ ▲ saline - 3T:3R
A- - - A saline - 3 : 3 ' R
■----■ CXM 3T: 3R
□ ---□ CXM 3 : 3 ' R'
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Fig. 3.2 The number of grains ingested during the training trial 
and retention test on the Perspex-Grain task. The birds were 
deprived for 3 h before the training trial, and for 15 h before 
the retention test. The average number of grains ingested ± 
standard error in blocks of 20 pecks has been plotted for the 
60 pecks of the training trial, as well as for the 60 pecks 
of the retention test. The drugs were administered immediately 
after training, and retention was tested 24 h later.
The groups (N=12/group) are: ▲--- saline - 3T:15R
A --- -A saline - 3 :15'R
■--- ■ CXM - 3T:15R
□ --- □ CXM 3 :15'R'
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TABLE 3.2
THE EFFECT OF CXM ADMINISTRATION ON PERSPEX-GRAIN 
PERFORMANCE 24 H AFTER TRAINING : THE NUMBER OF
PECKS BEFORE INGESTION
GROUPS TRAINING DRUG RETENTION
TREATMENT
Pecks Pecks
Before Before
Ingestion Ingestion
9±4 SAL 6±2 “1
3T:3R
11±3 CXM
S
21±4 =
SAL 11±5 l
3 :3 ' R'
CXM 5±2 _
4±1 SAL 3±1i3T:15R
7±2 CXM 116±5 d
SAL 4±1 i
3 :15'R'
CXM 8±5 _
The average number of pecks ± standard error that were made by 
each group (N=12) before grain was eaten is given in Table 3.2.
Training, where appropriate, occurred on day 12 after which drugs 
were administered. Retention was tested 24 h after training on 
the Perspex-Grain task.
A two-tailed Mann-Whitney U test was applied to the individual
scores of the different groups. •• means 0„002<p<0.02; ••• means p<0.002.
Note : the trained CXM-treated birds did not begin to eat as soon 
as the untrained CXM-treated birds on the retention test.
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Not only were the two CXM-treated groups statistically different 
(0.002<p<0.02, MWU), the trained saline-treated and trained 
CXM-treated groups also performed differently during retention 
(p<0.002, MWU). The retention performance observed after training 
was drug-dependent. When CXM was given after training the birds 
were reluctant to begin ingesting grain in the same context, and 
increasing the level of food deprivation before the retention 
test did not significantly overcome this effect ,
The times taken by each group to complete 60 pecks are 
given in Table 3.3. The same trends were again apparent. Although 
the trained groups were not statistically different from their 
appropriate untrained groups the trained saline-treated birds did 
complete the task more quickly than the trained CXM-treated groups 
after both 3 and 15 h deprivation (3 h: p<0.002; 15 h:p=0.002, MWU)
3.2.4 Discussion
The trained saline-treated birds showed a greater willing 
ness to begin pecking at, and eating, grain off perspex during the 
retention test than the untrained saline-treated birds after both 
3 and 15 h deprivation, although this difference was reduced by 
increasing the deprivation level. Since experience facilitated 
consumatory behaviour, no adverse association between treatment 
with saline and the training experience can have been made.
In contrast, the trained CXM-treated birds displayed a 
marked reluctance to begin consumatory behaviour relative to the 
untrained CXM-treated birds. This unwillingness to peck at, or
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TABLE 3.3
THE EFFECT OF CXM ADMINISTRATION ON PERSPEX-GRAIN 
PERFORMANCE 24 H AFTER TRAINING : TIME TAKEN TO 
COMPLETE 60 PECKS
GROUPS TRAINING DRUG RETENTION
TREATMENT
Time (min) Time (min)
2.5+0.4 SAL 1.710.4 "1
3T:3R
3.2±0.4 CXM 6.011.4 | i
SAL 4.611.4 _
3 :3 1 R'
CXM 4.610.9
3.110.6 SAL 1.110.1 “
3T:15R
2.110.4 CXM 4.111.3 _
SAL 1.810.3
3:15'R'
CXM 2.210.3
Shown in Table 3.3 are the average times taken (min) ± standard 
error by each group (N=12) to complete 60 pecks on the Perspex-Grain 
task before and after treatment. On day 12 the birds were trained, 
where appropriate, after which all the birds were treated with 
either saline or CXM. Retention was tested 24 h later.
A two-tailed Mann-Whitney U test was applied to the individual
scores of the different groups. •• means 0.02<p<0.05; ••• means p<0.002.
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consume, grain was still apparent, although somewhat diminished, 
after extending the deprivation period before testing retention.
If CXM was just acting to inhibit memory, the trained 
CXM-treated birds would perform on the Perspex-Grain task like 
the untrained CXM-treated group. This was not the case. If, as 
has been suggested, CXM was inducing only partial memory inhibition, 
or a temporary retrieval deficit, and having no aversive effect, 
any memory present would produce changes, perhaps different in 
magnitude but nevertheless, similar in direction to those observed 
after training and saline treatment. This did not occur.
The observed changes were consistent with the idea 
that CXM was acting as an aversive agent. The trained CXM-treated 
birds behaved as if a conditioned aversion had been formed: the
birds associated CXM-induced illness with the training experience.
Treatment with CXM in conjunction with training seemed 
to have produced a conditioned aversion to a familiar food pre­
sented in a novel manner. And not only was it possible to produce 
a conditioned aversion to grain which was familiar, the context 
of grain presentation did not have to be dramatically different 
from the familiar context. In the home-cage food is scattered 
about the floor as it is during training. The Perspex-Grain task 
and the home-cage environment differ only in the amount of food 
present (5g as against 80g) and the sheet of perspex below the 
grain. All the other conditions are identical. That such small 
changes are associated with CXM-induced illness emphasises the 
subtlety of the formation of conditioned aversions.
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3.3 Perspex-Grain Task : 72 Hours
3.3.1 Introduction
The preceding experiment showed that it is possible to 
produce conditioned aversions to familiar food in a novel context.
Only very subtle changes in food presentation, when associated 
with CXM-induced illness, will produce this effect.
In order to further characterize the conditioned aversion 
that was formed, the experiment was repeated with one modification : 
retention was tested 72 h,instead of 24 h(after training. The dura­
bility of the aversion was investigated to gain some idea of the strength 
of the association formed, and thereby some idea of CXM's effectiveness 
as an aversive agent.
3.3.2 Methods
Ninety-six chickens from 6 different batches were used.
The procedure was identical to that described in section 3.2.2 
except that retention was tested 72 h after training.
3.3.3 Results
The number of grains ingested during the 60 pecks of the 
retention test is given in Table 3.4.
The grain consumption of the trained saline-treated groups 
was only marginally higher than that of the untrained saline-treated 
groups after 3 or 15 h deprivation. Dramatic decreases in consumption 
were observed in the trained CXM-treated groups relative to the 
untrained CXM-treated birds. After 3 h deprivation the trained CXM- 
treated birds ate only 3±2 grains while the untrained CXM-treated
birds consumed 21±4 (p<0.002, MWU).
126
TABLE 3.4
THE EFFECT OF CXM ADMINISTRATION ON PERSPEX-GRAIN 
PERFORMANCE 72 H AFTER TRAINING : THE NUMBER OF 
GRAINS INGESTED IN 60 PECKS
GROUPS TRAINING
Grains
Ingested
DRUG
TREATMENT
RETENTION
Grains
Ingested
20±3 SAL 29±4 “
3T:3R !19±4 CXM 3±2 =
SAL 22±5 |
3 : 3 ' R'
CXM 21±4 _
15±4 SAL 27±4 _
3T:15R i17±4 CXM 6±1 =
SAL 22±4 \
3:15'R'
CXM 33±3 J
The average number of grains ingested ± standard error by each group 
(N=12) in 60 pecks is shown in Table 3.4. Training, where appropriate, 
occurred on day 12 after which drugs were administered. Retention 
was tested 72 h after training on the Perspex-Grain task.
A two-tailed Mann-Whitney U test was applied to the individual scores 
of the different groups, •••means p<0.002.
Note : i) the trained CXM-treated birds had depressed food con­
sumption relative to the untrained CXM-treated birds 
after both 3 h and 15 h deprivation.
ii) extending the retention interval did not diminish the 
effect (cf. Table 3.1).
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Consumption by the trained CXM-treated birds rose to 6±1 after 
15 h deprivation; whereas the untrained CXM-treated group ate 
33±3 grains (p<<0.002, MWU). The trained CXM-treated birds ate 
statistically less than the trained saline-treated birds 
(3 h: p<0.002, MWU; 15 h: p<0.002, MWU).
After 15 h deprivation, the untrained CXM-treated group 
ate statistically more grain than the untrained saline-treated 
group (0.02<p<0.05, MWU). The consumption rate was consistently 
high throughout the 60 pecks. The number of grains ingested in 
each consecutive group of 20 pecks after 3 and 15 h is shown 
in Fig. 3.3 and 3.4 respectively. During retention there were 
no statistically significant differences between any group in 
the number of grains ingested in the first, relative to the last, 
group of 20 pecks.
The average number of pecks each group made before 
ingestion began is given in Table 3.5. Once again, the trained 
saline-treated group pecked marginally fewer grains before 
ingestion began than the untrained saline-treated group, but 
this was not statistically significant at either deprivation level. 
In contrast, there was a 7-fold difference between the trained and 
untrained CXM-treated groups after both 3 and 15 h deprivation. 
After 3 h deprivation the untrained CXM-treated birds only 
required 5±2 pecks before eating a grain, compared with the 36±7 
of the trained CXM-treated birds (p<<0.002, MWU). After 15 h 
deprivation the 3±1 pecks by the untrained CXM-treated group was
still much less than the 20±4 recorded by the trained CXM-treated
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Fig. 3.3 The number of grains ingested during the training 
trial and the retention test on the Perspex-Grain task, after 
food deprivation for 3 h. The average number of grains 
ingested ± standard error in blocks of 20 pecks has been 
plotted for the 60 pecks of the training trial as well as 
for the 60 pecks of the retention test. The drugs were 
administered immediately after training, and retention was 
tested 72 h later.
The groups (N=12/group) are: a ---a saline - 3T:3R
A -- A saline - 3 : 3 ' R
■ —  ■ CXM - 3T:3R
□--□ CXM - 3 : 3 ' R
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Fig. 3.4 The number of grains ingested during the training 
trial and the retention test on the Perspex-Grain task. The 
birds were deprived of food for 3 h before the training trial, 
and for 15 h before the retention test. The average number 
of grains ingested ± standard error in blocks of 20 pecks 
has been plotted for the 60 pecks of the retention test. The 
drugs were administered immediately after training, and 
retention was tested 72 h later.
The groups (N=12/group) are: a.---▲ saline - 3T:15R
A---A saline - 3:15 ' R
■--■ CXM - 3T:15R
□--□ CXM - 3:15 ' R
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TABLE 3.5
THE EFFECT OF CXM ADMINISTRATION ON PERSPEX-GRAIN 
PERFORMANCE 72 H AFTER TRAINING : THE NUMBER OF 
PECKS BEFORE INGESTION
GROUPS TRAINING DRUG RETENTION
TREATMENT
Pecks Pecks
Before Before
Ingestion Ingestion
5±1 SAL 5+2"]
3T:3R
9±5 CXM 36±l\:
SAL 10±5 |
3 :3 ' R'
CXM 5±2 _
12±5 SAL 3±1i3T:15R
6±2 CXM 20±4 =
SAL 7±2 |
3 :15 ' R'
CXM 3±1 _
The average numbers of pecks ± standard error that were made by 
each group (N=12) before grain was eaten are given in Table 3.5. 
Training, where appropriate, occurred on day 12 after which drugs 
were administered. Retention was tested 72 h after training on 
the Perspex-Grain task.
A two-tailed Mann-Whitney U test was applied to the individual 
scores of the different groups. ••• means p<0.002.
Note : i) the trained CXM-treated birds did not begin to eat as soon 
as the untrained CXM-treated birds on the retention test.
ii) extending the retention interval did not diminish the 
effect (cf. Table 3.2) .
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group (p<0.002, MWU). As expected the behaviours of the trained 
saline-treated and trained CXM-treated groups were statistically 
different at both deprivation levels (3 h: p<<0.002, MWU;
15 h: p<0.002, MWU).
The average time taken by each group to complete 60 pecks 
on the Perspex-Grain task is • given in Table 3.6. The trained 
saline-treated group completed 60 pecks more quickly than the 
untrained saline-treated group after both 3 h (0.002<p<0.05, MWU) 
and 15 h (0.002<p<0.02, MWU) deprivation. The trained CXM-treated 
birds were approximately 3 times slower than the untrained CXM- 
treated birds after 3 h deprivation (p<0.002, MWU), taking 
8.412.1 min compared with the 2.410.3 min of the untrained CXM-treated 
group. After 15 h deprivation, this time disparity between the 
two groups was no longer present; training did not significantly 
alter the time taken to complete 60 pecks. After both 3 h and 
15 h deprivation, the trained saline-treated group performed the 
task more quickly than the trained CXM-treated group (3 h: p<<0.002, MWU; 
15 h: p<0.002, MWU).
3.3.4 Discussion
The conditioned aversion apparent at 24 h was still 
present 72 h after training. No dampening of the effect was evident.
In fact greater differentiation between the trained and untrained 
CXM-treated birds was found at 72 h on two measures. After 15 h 
deprivation the trained CXM-treated group was still ingesting 
significantly less grain in 60 pecks than the untrained CXM-treated 
birds at 72 h, whereas increasing the deprivation level had
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TABLE 3.6
THE EFFECTS OF CXM ADMINISTRATION ON PERSPEX-GRAIN 
PERFORMANCE 72 H AFTER TRAINING : TIME TAKEN TO 
COMPLETE 60 PECKS
GROUPS TRAINING 
Time(min)
DRUG
TREATMENT
RETENTION 
Time (min)
2.810.4 SAL 1.610.3*1 -i
3T:3R i
2.710.4 CXM 8.412.1.. •*
SAL 3.110.5 _ I
3 : 3 1 R'
CXM 2.410.3 -
3.410.5 SAL 1.110.1 "1
3T:15R s2.710.3 CXM 3.110.6 j 3
SAL 2.310.6 _
3 :15'R'
CXM 4.111.2
Shown in Table 3.6 are the average times taken (min) ± standard error 
by each group (N=12) to complete 60 pecks on the Perspex-Grain task 
before and after treatment. On day 12 the birds were trained, where 
appropriate, after which all the birds were treated with either 
saline or CXM. Retention was tested 72 h later.
A two-tailed Mann-Whitney U test was applied to the individual scores 
of the different groups. • means 0.02<p<0.05; •• means 0.002<p<0.02; 
••• means p<0.002.
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eliminated this difference 24 h after training. The time taken 
after 3 h deprivation to complete 60 pecks also showed greater 
differentiation at 72 h than observed at 24 h.
It is hard to explain why the larger training-retention 
interval should enhance the effect, for there is no evidence, 
that I know ofj in the toxicosis literature to suggest that 
conditioned aversions strengthen with time. The deterioration 
of the first peck data as an indicator of memory at 72 h would 
suggest that memory of the task was not strengthened. It could 
be proposed that at 72 h the difference becomes more apparent 
because at 24 h the birds had not fully recovered from CXM- 
induced illness, and that the resultant anorexic behaviour of 
both untrained and trained CXM-treated birds due to this illness 
decreased consumption. Thus further decreases due to the formation 
of a conditioned aversion would appear less pronounced. This 
explanation is unlikely since the untrained CXM-treated birds 
were indistinguishable from untrained saline-treated birds. The 
scattered food experiment (2.7) also indicated recovery had 
occurred by 24 h.
Despite these differences, in essence the behaviour 
of trained CXM-treated birds on the Perspex-Grain task remained 
constant for at least 3 days. This is consistent with the 
contention that a long-lasting conditioned aversion has been formed.
Another unexpected result was apparent 72 h after 
training. The untrained CXM-treated group ingested many more
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grains than the untrained saline-treated group after 15 h deprivation. 
This occurred even though the untrained CXM-treated birds did not 
commence eating before the untrained saline-treated group. This 
was not a transient elevation; once the untrained CXM-treated 
birds had begun to eat they consistently ate more of their targets.
An increase in consumption was not observed, relative to the 
untrained saline-treated group, after 3 h deprivation at 72 h.
The reason why the untrained CXM-treated birds ingested more after 
15 h deprivation is unclear. It may be that the birds were 
simply more hungry, but not until after substantial deprivation 
was this detectable. If this is the case, it may, or may not, 
have implications for the Pebble Floor: on this task only pecks
at grain are important and not actual ingestion. Or, CXM may 
not be acting at the motivational level at all, but altering 
feeding behaviour per se. This possibility is considered in 
more detail in Chapter 6.
Regardless of the means by which it arises, the fact 
that increased consumption occurred means that additional care 
must be taken when interpreting any results from appetitive tasks, 
especially those tasks where ingestion is important, testing 
occurs some days after treatment, and large deprivation levels 
are used in conjunction with the administration of CXM.
3.4 Lithium Chloride and the Perspex-Grain Task
3.4.1 Introduction
An interaction between CXM-treatment and training was 
demonstrated in both of the preceding experiments (3.2 and 3.3).
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It was proposed that young chickens associate CXM-induced illness 
with novel food presentation to produce a conditioned aversion.
More specifically, it was proposed that the observed changes in 
appetitive behaviour during retention testing represented a 
conditioned aversion to familiar food in a novel context.
In order to verify this, CXM was replaced by lithium 
chloride (LiCl), a well known aversive agent. If the administration 
of LiCl produced similar changes to those observed after treatment 
with CXM, it would provide strong evidence that CXM was acting as 
an aversive agent to produce a conditioned aversion in the context 
of the Perspex-Grain task. And the similarity between this task 
and the Pebble Floor would necessitate a re-examination of the 
Pebble Floor data in the light of this evidence.
3.4.2 Methods
Thirty-six birds from 8 batches were used. The experi­
mental procedure employed was similar to that described in 3.2.2, 
except that LiCl (Sigma) replaced CXM. 0.5M LiCl (21.20g of LiCl 
per litre of distilled water) was administered intraperitoneally 
at a dosage of 10ml per kg body weight. Control animals received 
appropriate volumes of physiological saline intraperitoneally.
Because the behavioural changes observed in experiments 3.2 and 
3.3 were essentially the same, regardless of the level of deprivation 
and the interval between training and retention, only the 3 h 
deprivation level was investigated here, and retention was tested 
24 h after training. Additional care was taken to ensure a constant 
supply of water was available throughout the 24 h interval between
training and retention.
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3.4.3 Results
The number of grains that was. ingested in 60 pecks 
24 h after LiCl is shown in Table 3.7. Included in the table for 
comparison is the performance of a similar group treated with CXM.
The CXM-treated birds are those from 3.2. The trained LiCl-treated 
group ate statistically fewer grains than the untrained LiCl-treated 
group on day 13 (p<<0.002, MWU) , just like the equivalent CXM groups.
And like the trained CXM-treated group, the trained LiCl-treated
birds ingested less than the trained saline-treated group (p<<0.002, MWU).
The rate of grain consumption 24 h after LiCl administration 
is shown in Fig. 3.5. The consumption rate over 60 pecks was 
constant: the number of grains ingested in each group of 20 pecks
did not differ significantly within each treatment (see Fig. 3.1 
for similar CXM data).
The number of pecks recorded before the first grain 
was eaten is shown in Table 3.8. Included for comparison is the 
performance of a similar group treated with CXM. Here too the 
behaviours observed after LiCl and CXM treatment were similar.
Birds trained, then treated with LiCl showed a marked reluctance 
to ingest grains the next day. The untrained LiCl-treated birds 
required only 11±5 pecks, whereas the trained LiCl-treated birds 
made 44±5 pecks before ingesting a grain (p<<0.002, MWU). This 
same trend, to a less marked degree, was shown by similar groups 
treated with CXM. Not surprisingly the trained LiCl-treated and 
trained saline-treated groups were significantly different 
(p<<0.002, MWU). The trained saline-treated group ate sooner
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TABLE 3.7
A COMPARISON OF THE EFFECTS OF LiCl AND CXM 
ADMINISTRATION ON PERSPEX-GRAIN PERFORMANCE 
24 H AFTER TRAINING : THE NUMBER OF GRAINS 
INGESTED IN 60 PECKS
GROUPS TRAINING
Grains
Ingested
DRUG
TREATMENT
RETENTION
Grains
Ingested
24±4 SAL 27±5 ~1
3T:3R i
26±3 LiCl 2±1  —
SAL 15±2 ]
3 : 3 ' R'
LiCl 17±3 _
20±3 SAL 31±4 i -|
3T:3R |21±4 CXM 5±2 _ S
SAL 16± 3 ]
3 : 3 ' R'
CXM 24±4
The average number of grains ingested ± standard error by each 
group (N=12) in 60 pecks is shown in Table 3.7. Training, where 
appropriate, occurred on day 12 after which drugs were administered. 
Retention was tested 24 h after training on the Perspex-Grain task.
A two-tailed Mann-Whitney U test was applied to the individual scores 
of the different groups.•• means p=0.05; ••• means p<0.002.
Note : i) the trained LiCl-treated birds ate less than the untrained 
LiCl-treated birds during the retention test;
ii) the trained LiCl-treated birds performed like the trained 
CXM-treated birds.
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Fig. 3.5 The number of grains ingested during the training trial 
and retention test on the Perspex-Grain task, after food 
deprivation for 3 h. The average number of grains ingested ± 
standard error in blocks of 20 pecks has been plotted for the 
60 pecks of the training trial, as well as for the 60 pecks of 
the retention test. The drugs were administered immediately 
after training, and retention was tested 24 h later.
The groups (N=12/group) are: ▲--▲ saline - 3T:3R
A--A saline - 3 : 3 ' R
•--• LiCl - 3T:3R
0 1 i ■ o LiCl - 3 : 3 1 R
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TABLE 3.8
A COMPARISON OF THE EFFECTS OF LiCl AND CXM 
ADMINISTRATION ON PERSPEX-GRAIN PERFORMANCE 
24 H AFTER TRAINING : THE NUMBER OF PECKS 
BEFORE INGESTION
GROUPS TRAINING DRUG RETENTION
TREATMENT
Pecks Pecks
Before Before
Ingestion Ingestion
3±1 SAL 3-1 J -
3T:3R I3±1 LiCl 44±5 - :
SAL 12±4 ]
3 :3 * R1
LiCl 11±5 J
9±4 SAL 6±2 ~
3T: 3R 1
11±3 CXM 21±4 =
SAL 11±5 I
3 : 3 ' R'
CXM 5±2 J
The average numbers of pecks ± standard error that were made by 
each group (N=12) before grain was eaten are given in Table 3.8. 
Training, where appropriate, occurred on day 12 after which drugs 
were administered. Retention was tested 24 h after training on 
the Perspex-Grain task.
A two-tailed Mann-Whitney U test was applied to the individual scores 
of the different groups. •• means 0.002<p<0.02; ••• means p<0.002.
Note : i) the untrained LiCl-treated birds ate much sooner than
the trained LiCl-treated birds during the retention test;
ii) the trained LiCl-treated birds performed like the trained 
CXM-treated birds.
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than the untrained saline-treated group (0.002<p<0.02, MWU). This 
trend had been observed in experiment 3.2 but failed to reach 
statistical significance.
The time taken by the same groups to complete 60 pecks 
can be seen in Table 3.9. Once again the performance similarities 
after treatment with LiCl and CXM are apparent. The trained 
LiCl-treated group required 9.6±1.7 min to complete 60 pecks 
compared with the 3.110.6 min for the untrained LiCl-treated birds 
(0.002<p<0.02, MWU). A similar change was apparent after treat­
ment with CXM, however it just failed to reach statistical signi­
ficance. The trained LiCl-treated birds were slower than the 
untrained saline-treated group (p<<0.002, MWU), while the trained 
saline-treated birds completed 60 pecks faster than the untrained 
saline-treated group (p<0.002, MWU), as in experiment 3.2.
3.4.4 Discussion
The administration of LiCl, accepted as a powerful aversive 
agen^ immediately after experience of the Perspex-Grain task, 
produced marked behavioural changes. A pronounced reluctance to 
peck, and ingest grain, similar to, but more marked than, that 
produced by CXM, was apparent. It is thus very likely that CXM 
is acting as an aversive agent, like LiCl, to produce a con­
ditioned aversion on this task. Both CXM and LiCl appear to 
produce conditioned aversions to faimilar food presented in a 
novel context.
In general the magnitude of a conditioned aversion 
produced by contingent toxicosis increases with the severity of
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TABLE 3.9
A COMPARISON OF THE EFFECTS OF LiCl AND CXM 
ADMINISTRATION ON PERSPEX-GRAIN PERFORMANCE 
24 H AFTER TRAINING : THE TIME TAKEN TO 
COMPLETE 60 PECKS
GROUPS TRAINING DRUG RETENTION
TREATMENT
Time(min) Time (min)
2.8±0.4 SAL 1.510.2 ~
3T: 3R ]2.010.2 LiCl 9.611.7 - !
■ SAL 3.110.6J
3 :3 * R *
LiCl 3.110.6 _
2.510.4 SAL 1.710.4“
3T:3R 13.210.4 CXM 6.011.4j I
SAL 4.611.4
3 : 3 ' R*
CXM 4.610.9
Shown in Table 3.9 are the average times taken (min) ± standard error 
by each group (N=12) to complete 60 pecks on the Perspex-Grain task 
before and after treatment. On day 12 the birds were trained, where 
appropriate, after which all the birds were treated with either 
saline or CXM. Retention was tested 24 h later.
A two-tailed Mann-Whitney U test was applied to the individual scores 
of the different groups. •• means 0.002<p<0.02; ••• means p<0.002.
Note : the trained LiCl-treated birds were much slower than untrained 
LiCl-treated birds to complete 60 pecks. A similar but 
less pronounced trend was also present between the CXM-treated 
groups.
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the illness (KEVUSKY and GARCIA, 1970). The data suggest that 
40yg CXM in 50yl saline into the brain is not quite as effective 
as 10ml/kg body weight of 0.5m LiCl intraperitoneally as an 
aversive agent, since less dramatic changes were observed on all 
3 measures - number of grains ingested, number of pecks before 
ingestion, time to complete 60 pecks - after treatment with CXM. 
Nevertheless the aversive properties of CXM are substantial, and 
CXM, even at lower doses, may cause conditioned aversions in 
other training procedures.
Given that CXM can act as an aversive agent on the Perspex- 
Grain task, can CXM act as an aversive agent when it is administered 
in conjunction with other novel appetitive tasks? More specifically, 
are the behavioural changes observed on the Pebble Floor task after 
CXM a result of the aversive nature of the drug? These data would 
suggest this is likely to be the case.
3.5 Lithium Chloride and the Pebble Floor
3.5.1 Introduction
There is little doubt that CXM can act as an aversive 
agent (NAKAJIMA, 1974) and that CXM treatment produces a conditioned 
aversion on the Perspex-Grain task (see 3.2, 3.3, 3.4). Given the 
similarity between this task and the Pebble Floor task it seems 
likely that an association between CXM-induced illness and training 
on the Pebble Floor would normally be made and subsequently alter 
behaviour. However, the behavioural changes observed on the 
Pebble Floor after CXM treatment have been interpreted as supporting 
both the memory inhibition idea (ROGERS et al., 1974, 1977) , and the 
conditioned aversion explanation (see section 2.3.1 and 2.10).
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Although CXM treatment produces behavioural changes 
consistent with the aversion interpretation, an aversive agent may 
not necessarily produce the changes observed on the Pebble Floor.
The behavioural changes that occur as a result of treatment with 
an aversive agent will depend on the exact nature of the con­
ditioned aversion formed. In a two-choice situation like the 
Pebble Floor a number of different associations can be made. For 
example, a chicken may associate grain in the novel context of 
the Pebble Floor with illness, so that on the retention test 
pebbles are pecked in preference to grain. Or, the chicken may 
associate both grain and pebbles with illness, or associate 
all the new features of the testing situation with illness. In 
both these cases when placed on the floor again the chicken, 
unwilling to peck either stimulus, might finally peck at random, 
choosing equal numbers of grain and pebbles.
Thus the aims of the following experiment were to discover 
in what way the aversive agent LiCl altered Pebble Floor perfor­
mance, and thus to learn what type of association was made as a 
result of training. More importantly for this thesis however, 
the experiment was done to allow direct comparisons to be made 
between CXM-induced, and LiCl-induced, behavioural changes to 
establish the extent to which the aversive nature of CXM altered 
Pebble Floor performance.
3.5.2 Methods
One hundred and twenty birds from 6 batches were used
in this experiment. The experimental procedure was identical to
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that in 2.3.2 except that LiCl replaced CXM. A volume equivalent 
to 1.0% of the animal's body weight (10ml/kg) of 0.5M LiCl or 
physiological saline was injected intraperitoneally immediately 
after training on the Pebble Floor or, for the untrained groups, 
just after deprivation. The groups (N=12 per group) were those 
described in 2.2.5. The errors in each group of 20 pecks during 
the retention test were calculated as described in 2.2.4.
Following the method described in 2.5.2, the first peck data, 
pecking patterns adopted, and the time taken to complete the first 
20 pecks were determined and analysed. Statistical analysis was 
as described in 2.2.6 and 2.5.2.
3.5.2 Results
Conventional Analysis
The training performances, as well as the number of 
errors in the first 20 pecks of the retention test after 3 h 
deprivation, are shown in Fig. 3.6. During training both groups 
of naive birds learnt the task. There was a statistically 
significant decrease in the number of errors in the last 20 pecks 
relative to the first: p<0.01, MPSRT, for both groups. When 
retention was tested 24 h later after 3 h deprivation, the trained 
saline-treated group remembered the task. Whereas the untrained 
saline-treated birds selected 11.0±1.6 pebbles, only 1.510.6 pecks 
at pebbles were recorded by the trained saline-treated group
( p « 0 .002 , MWU) .
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Fig. 3.6 The performance of the birds on the Pebble Floor during 
the training trial and the retention test after food deprivation 
for 3 h. The average number of errors ± standard error in 
blocks of 20 pecks has been plotted for the 60 pecks of the 
training trial as well as for the first 20 pecks of the 
retention test. The drugs were administered immediately 
after training and retention was tested 24 h later.
The groups (N=12/group) are: a --- a saline - 3T:3R
A saline - 3:3'R'
• ---• LiCl 3T: 3R
O LiCl 3 : 3 ' R
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In contrast to the trained saline-treated group, the 
trained LiCl-treated group failed to show the effects of prior 
experience by choosing fewer pebbles on retention. This diff­
erence between the two trained groups was statistically sig­
nificant (p<0.002, MWU). The trained LiCl-treated group made 
as many errors (8.0±1.2) as the untrained LiCl-treated group 
(10.3Ü.1). Thus, treatment with LiCl after training resulted 
in an unwillingness to choose grain from the Pebble Floor 24 
h later.
Both the untrained, LiCl-treated and,saline-treated groups 
learnt the task during the 60 pecks of the retention test, as 
indicated by a statistically significant decrease in errors from 
the first to the third group of 20 pecks (p<0.01, MPSRT for both 
groups). The trained saline-treated group showed a slight but 
internally consistent increase in pecks at pebbles. This increase 
from 1.5±0.6 to 3.4±0.8 was statistically significant (p=0.01, MPSRT). 
The group of most interest, the trained LiCl-treated group, failed 
to show any change in the number of pecks at pebbles over the 60 
pecks of the retention test: compare 8.Oil.2 to 7.1+1.2. The
birds showed a consistent reluctance to peck at grain within the 
observed 60 pecks. The errors in the last 20 pecks did not 
differ statistically from the untrained LiCl-treated group, 
but were statistically different from the trained saline-treated 
group (probability range : 0.002<p<0.05). These results are 
depicted in Fig. 3.7. LiCl treatment in conjunction with 
training dramatically altered performance of the Pebble Floor task
after 3 h deprivation.
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Fig. 3.7 The performance of the birds on the Pebble Floor 
during the 60 pecks of the retention test, after food 
deprivation for 3 h. The average number of errors ± standard 
error in blocks of 20 pecks has been plotted for the' different 
groups. The groups were trained where appropriate, and drugs 
were administered 24 h prior to the retention test.
The groups (N=12/group) are: ▲— ▲ saline - 3T:3R
A - - - A saline - 3 : 3 ' R
•---• LiCl 3T:3R
O- — o LiCl 3 : 3 ' R
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The training performances of the naive birds that were 
subsequently deprived for 15 h before retention are shown in Fig.3.8. 
Both groups learnt the task as was required: statistically signi­
ficant decreases in the number of pebbles chosen were observed 
(p<0.01, MPSRT, for both groups) . As expected, after 15 h deprivation 
the trained saline-treated group chose very few pebbles in the 
first 20 pecks of retention. The performance of this group was 
statistically different from the untrained saline-treated birds 
(p<0.02, MWU), and the trained LiCl-treated group (p=0.05f MWU).
That is, even after 15 h deprivation the trained LiCl-treated 
birds were still reluctant to peck at grain. After 15 h 
deprivation, the trained LiCl-treated group just failed to be 
statistically different from the untrained LiCl-treated group 
(0.05<p<0.10, MWU) in the number of pebbles chosen in the first 
20 pecks. Once again, training, when associated with LiCl 
treatment, was dramatically altering the behaviour observed 
on the Pebble Floor. The untrained LiCl-treated group was not 
statistically different from the untrained saline-treated group 
on the first 20 pecks of retention, so no non-specific effects of 
LiCl were evident after 15 h deprivation.
Both of these untrained groups learnt the task within 
the required 60 pecks of retention; the decrease in errors was 
statistically significant (p<0.01, MPSRT, for both groups). The 
trained saline-treated birds continued to perform well throughout 
the retention test, and were still choosing fewer pebbles than 
the untrained saline-treated birds on the last 20 pecks (p<0.002, MWU).
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Fig. 3.8 The performance of the birds on the Pebble Floor 
during the training trial and the retention test. The birds 
were deprived of food for 3 h before the training trial, and for 
15 h before the retention test. The average number of errors ± 
standard error in blocks of 20 pecks has been plotted for the 
60 pecks of the training trial as well as for the first 20 
pecks of the retention test. The drugs were administered 
immediately after training and retention was tested 24 h later.
The groups (N=12/group) are: a — a saline - 3T:15R 
A saline - 3:15'R' 
• — • LiCl - 3T:15R
O LiCl 3:15 ' R
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Although the trained LiCl-treated group was not statistically 
different from the untrained LiCl-treated birds it was 
statistically different from the similarly trained saline-treated 
birds (p<0.002, MWU) for the last 20 pecks of retention (Fig. 3.9).
Thus after both 3 and 15 h deprivation, LiCl treatment 
in conjunction with training markedly altered Pebble Floor behaviour. 
The birds exhibited a significant reluctance to choose grain on 
the retention test.
Additional Analysis
As stated before (2.5.2), the initial choices on the 
Pebble Floor of all the untrained and untreated birds in experi­
ments 2.5, 2.9, 3.5,and 3.6 were pooled and a 95% confidence 
interval was determined for the proportion of birds that commenced 
by choosing a pebble: (0.61, 0.97). Similar 95% confidence 
intervals were generated from the first peck data for the per­
formance of the different groups during the retention test. The 
number of birds in each group that chose a pebble on their first 
peck, and the corresponding 95% confidence intervals, are shown 
in Table 3.10. After 3 h deprivation, the 95% confidence interval 
for the number of untrained LiCl-treated birds choosing a pebble 
first overlapped extensively with that of the untrained saline- 
treated birds. Since extensive overlap occurred between these 
groups and the 95% confidence interval of the pooled, untrained 
untreated birds it was very likely all birds came from the same 
(or similar) population(s). That is, prior treatment with either
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Fig. 3.9 The performance of the birds on the Pebble Floor 
during the 60 pecks of the retention test, after food 
deprivation for 15 h. The average number of errors ± standard 
error in blocks of 20 pecks has been plotted for the different 
groups. The groups were trained where appropriate, and drugs 
were administered 24 h prior to the retention test.
The groups (N=12/group) are: a -- ▲ saline - 3T:15R
A --A saline - 3:15 ' R
• —  • LiCl - 3T:15R
O1io LiCl - 3:15 ' R
158
21-40
RETENTION
41-60
BLOCKS OF PECKS
N
o
te 
: 
th
e
 
tra
in
e
d
 
L
iC
l-tre
a
te
d
 
b
ird
s 
p
e
rfo
rm
ed
 
as 
w
e
ll 
as 
th
e
 
tra
in
e
d
 
sa
lin
e
-tre
a
te
d
 
b
ird
s
159
S’
tr
cd
fo
33 0 3 - cQ 5b
o t-h 3 3 3 O
0 0 CD CD
h-1 C t-9 C
3 - 3 Cb 33 cn 3
3 rt t r O 3
3 3 J rt 0 g
(D CD O' S Q
Di fb Cb 3 CD
£b rt CO rt 3
rt cd • 3 - cn
£b Cb 3 J O 3
■. O O' 0
t-h to 0 t-3 t-h
3 C —' cn
0 3 • CD 5* t r
3 r+ 3-
3 Cb CD 3
fo Cb > Cb
• 3 - 3-1 33 LO cn
u i 3 cn CD •
> CD 0 t r 3-1 3-
Cb t r O 3
fO 3 - M >
• t r 3 CD CD
CO 3 - O • 5b
■» 3 3* 0 O
Cb C 3 O
U» Cn Cb t-3
• CD rt O
Ln rt Cb O CD 3
> O' CD 0
Cb >-h O t
Cb rt O t-h 0 33
3 3 3 - 3
Cb cn 3 3 __
0) O cn CD Z
CO i—1 O rt cn II
• CD 3 33 M
CT» O 33 33 0 fO
• rt Cb CD 3 —
CD 3 O Cb
Cb 3 - O 3 - rt
cn 3 O
5b 0 0 uQ 5b
3 t-h rt
33 LO
CD 3 - rt Ln O
t r cn O 6P 0
tr CD g
t—1 rt a g
CD O' 3 0 CD
CD CD 3 3
t-h rt t-h O
3- 0 CD 3- CD
3 0 3 Cb Cb
cn 3 rt CD
rt rt 3- 3 33
• 3 0 O •CD
0 3 CD O
M O
►3 rt 3 - 3 -
O' CD CD 3 3
3 - Cn cn rt iQ
cn 6IP rt CD
3 0
CD O Cb < 3
cn O 3 Cb
o*> 3 CD M rt
3h cn O
o 3- Cb CD
0 Cb 3- l-h
3 CD 5b 0 33
t-h 3 tn 3 CD
3- O 3 tr
Cb CD 5b rt tr
CD 3 O 3J
3 3 - g CD CD
O 3 Cb
CD rt rt 33 31
CD 3 - 3 3J
3- 3 O 0 0
3 < !b 33 0
rt Cb M 0 3
CD 3 J 3 J 3
3 KI rt tr
< 3h 3 - 33
5b O 3 0
M 3 CD 3 0
33 0
S rt 3 0 0
5b O' CD t-h 0
cn CD cn cn
CD tr 3-
cQ 33 3 3 - 3
CD 3 rt 3 UD
3 0 CD Cb
CD 33 Cb cn 5b
3 O
Cb 3 Cb 3 - 33
rt rt 3> 3 CD
CD 3 - 0 tr
Cb O 3 CD tr
3 OD Cb M
tr cn O CD
3 ; 3 - O
Cb
CD
LO
3J
Ln
33
3T
:15R
LO
co
3 3
3T
:3R
GROUPS
1
2
1
1
1
0
1
1
TRAINING 
No. o f  b i r d s /  
g r o u p  c h o o s i n g  
a  p e b b l e  f i r s t .
SA
L
L
iC
l
SA
L
L
iC
l
SA
L
L
iC
l
SA
L
L
iC
l
DRUG TREATMENT
1
0
1
0
I-1 3J
1
2
1
1 cn nj
RETENTION 
No. o f  b i r d s /  
g r o u p  c h o o s i n g  
a  p e b b l e  f i r s t .
TA
B
LE 
3
.1
0
 
TH
E 
E
FFE
C
T
 
O
F 
L
iC
l 
ON 
TH
E 
C
H
O
IC
E 
O
F 
PEB
B
LES 
ON 
TH
E 
F
IR
S
T
 
PEC
K
 
O
F 
TH
E. R
ETEN
TIO
N
T
E
ST
 
ON 
TH
E 
PEB
B
LE 
FLO
O
R
 
: 
24 
H 
A
FTER
 
T
R
A
IN
IN
G
3.10A
)
160
saline or LiCl had little, or no, effect on initial choice 
behaviour on the Pebble Floor. This was also true after 15 h 
deprivation. The 95% confidence interval for both the untrained 
LiCl-treated and untrained saline-treated groups was (0.55, 0.95).
Prior experience on the floor substantially altered 
the number of birds in each group that chose a pebble first.
After 3 h deprivation the 95% confidence interval for the number 
of trained LiCl-treated birds initially choosing a pebble was 
(0.19, 0.68) and for the trained saline-treated group was 
(0.05, 0.45). After 15 h deprivation, even fewer birds in each 
group chose a pebble first. The 95% confidence interval for both 
the trained LiCl-treated and trained saline-treated groups was 
(0.01, 0.35). There was little (or no) overlap between the 95% 
confidence intervals of these groups and those of the untrained 
treated groups, or the 95% confidence interval of the pooled, 
untrained untreated birds. Therefore it was very unlikely that 
the trained birds, treated with either saline or LiCl, came 
from the same (or similar) population(s) as the untrained groups. 
Training, regardless of treatment, was altering the bird's 
initial choice on the Pebble Floor.
The pecking patterns adopted by the different groups 
in the first 20 pecks of the retention test are shown in Table 3.11. 
After 3 h deprivation, the trained saline-treated group adopted 
a different pecking pattern during the retention test from the 
untrained saline-treated group. The trained saline-treated birds 
pecked fewer, shorter runs on pebbles, with longer runs on grain
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The data in Table 3.11 depicts the patterns of behaviour 
in the first 20 pecks adopted by chickens while searching for food 
on the Pebble Floor before and after drug treatment. On day 11 
the birds (N=12 per group) were trained, where appropriate, after 
which all the birds were treated with either saline or LiCl. 
Retention was tested 24 h later.
The mean values ± the standard error for the number of 
runs, percentage pecked, mean run length (MRL), and longest 
run on grains and pebbles for each group are tabulated. A two- 
tailed Mann-Whitney U test was applied to the individual scores 
of the different groups. • means 0.02<p£0.05; •• means 0.002<p£0.02; 
means p<0.002.
Note : the pecking patterns adopted by the trained LiCl-treated
birds are similar to those of the trained CXM-treated 
chickens (cf. Tables 2.2 and 2.6).
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than the untrained saline-treated group. The low error score 
(Fig. 3.6) of the trained saline-treated group was reflected by 
a fall in the percentage of pebbles pecked and a corresponding 
rise in amount of grain pecked.
The trained LiCl-treated group performed differently 
from the untrained LiCl-treated group after 3 h deprivation.
The difference between these two groups was not the same as found 
between the two saline-treated groups. The trained LiCl-treated 
group pecked more (cf. less above) , shorter, runs on pebbles 
(No. Runs: 0.002<p<0.02, MWU; M.R.L. : p«0.002, MWU;
Longest run: p<0.002, MWU). The number of runs on grain also 
increased relative to the untrained LiCl-treated group 
(No. Runs: p<0.002, MWU). The trained LiCl-treated group was 
statistically different from the trained saline-treated group.
The trained LiCl-treated birds pecked more runs on pebbles and 
grain, with longer runs on pebbles and shorter runs on grain, 
than the trained saline-treated birds. The trained saline- 
treated birds ate more grain and pecked less pebbles. For 
a diagrammatic representation of the different pecking patterns 
after 3 h deprivation see Fig. 3.10.
The differences between the trained and untrained 
saline-treated groups were essentially the same after 15 h 
deprivation as after 3 h deprivation. Fewer, shorter, runs on 
pebbles were recorded by the trained saline-treated group.
The percentage of grain pecked rose while the pebble percentage 
fell, relative to the untrained saline-treated group.
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The difference recorded between the two LiCl-treated 
groups also remained when the deprivation level was increased 
from 3 to 15 h. The trained LiCl-treated group pecked shorter 
runs on pebbles (M.R.L. : 0.02<p<0.05, MWU; Longest run: p=0.02, MWU) 
than the untrained LiCl-treated group. With training the per­
centage of grain selected was higher, (% pecked : p=0.05, MWU), 
while the percentage of pebbles was lower than without training 
(% pecked : p=0.05, MWU). The trained LiCl-treated group was 
once again statistically different from the trained saline-treated 
group. The trained saline-treated group had fewer, shorter, runs 
on pebbles, and pecked at less pebbles than the trained LiCl- 
treated group. Corresponding changes occurred in grain selection. 
Typical pecking patterns after 15 h deprivation are depicted in 
Fig. 3.11.
Thus, an interaction between treatment with LiCl 
and training was apparent. The untrained LiCl-treated and untrained 
saline-treated groups performed the same, but the pecking patterns 
for the first 20 pecks of retention, adopted after training by 
the LiCl-treated and saline-treated group were different.
The time taken to complete the first 20 pecks of the 
retention test after LiCl administration is given in Table 3.12. 
After both 3 and 15 h deprivation before the retention test the 
trained saline-treated birds completed 20 pecks more rapidly 
than the untrained saline-treated groups (3 h :p<<0.002, MWU;
15 h : p<<0.002, MWU). In contrast, the trained LiCl-treated 
birds showed no such decrease. They performed like untrained
the trained LiCl-treated group continued to perforin like the untrained LiCl-treated birds 
after 15 h deprivation. 
This was in contrast to the behaviour of the trained CXM-treated 
group observed after 15 h deprivation (Fig. 2.9).
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TABLE 3.12
THE EFFECT OF LiCl ADMINISTRATION ON THE TIME 
TAKEN FOR THE FIRST 20 PECKS : 24 H AFTER 
TRAINING
GROUPS TRAINING 
Time(min)
DRUG
TREATMENT
RETENTION 
Time (min)
1.810.3 SAL 0.5 + 0.1 - 33T:3R 1
1.510.3 LiCl 3.111.0 | 3
SAL 2.510.4 j
3:3'R'
LiCl 2.810.5
2.110.4 SAL 0.310 *133T:15R 2
2.010.4 LiCl 2.910.6 j J
SAL 1.410.3*.
3:15 * R'
LiCl 2.810.6
Given in Table 3.12 is the average time taken (min) ± standard error 
by each group (N=12) to complete 20 pecks on the Pebble Floor before 
and after treatment. On day 11 the birds were trained, where 
appropriate, after which all the birds were treated with either 
saline or LiCl. Retention was tested 24 h later.
A two-tailed Mann-Whitney U test was applied to the individual scores 
of the different groups. ••• means p<0.002.
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LiCl-treated birds after 3 and 15 h deprivation. After 15 h 
deprivation LiCl treatment affected the pecking rate of the 
untrained birds but this was not statistically significant.
The trained LiCl-treated birds were statistically different from 
the trained saline-treated birds after both deprivation levels 
(3 h : p<<0.002, MWU; 15 h : p<<0.002, MWU). Thus, training 
was not increasing the pecking rate of the LiCl-treated chickens, 
in contrast to the situation with saline-treated birds. The 
pecking rate of the LiCl-treated birds was unaltered by increases 
in the level of deprivation before the retention test.
3.5.4 Discussion
Birds that received LiCl immediately after training 
on the Pebble Floor associated illness induced by LiCl with the 
test situation. When retention was tested 24 h later the trained
LiCl-treated birds showed no preference for grain, unlike the
if
trained saline-treated group. Chickens given intraperitoneal 
injections of LiCl after training pecked equal numbers of grains 
and pebbles in the first 20 pecks of retention and continued to 
peck large numbers of pebbles for the duration of the retention 
test. This was true irrespective of the deprivation level. This 
effect was not a result of a non-specific effect of the admini­
stration of LiCl, since treatment with LiCl without training did 
not change performance on the Pebble Floor. These results were 
remarkably similar to those observed after CXM treatment when 
retention was tested after 3 h deprivation, 24 h and 72 h after 
training. This was not true after 15 h deprivation, where
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the trained CXM-treated birds did not continue to show this 
reluctance to peck grain, while the trained LiCl-treated group 
did. The conditioned aversion formed after CXM treatment was 
overcome when the chickens were made sufficiently hungry. This 
may reflect the relative strengths of the two aversive agents 
and confirms one of the findings from the Perspex-Grain task : 
40pg CXM in 50hl saline was shown to be less effective as an 
aversive agent than 10ml/kg of 0.5M LiCl.
After 3 h deprivation a majority of the trained LiCl- 
treated birds chose a grain for their first peck of retention, 
as did the trained saline-treated group. This trend was also 
shown by the trained CXM-treated birds, despite the fact that 
these groups selected equal numbers of grains and pebbles in 
the first 20 pecks. The majority of the untrained CXM-treated 
and untrained LiCl-treated birds, which also pecked equal 
numbers of grains and pebbles in the first 20 pecks, initially 
selected a pebble on the retention test. When the deprivation 
level was increased to 15 h, even fewer trained birds, regard­
less of treatment, commenced with a pebble.
During the first 20 pecks of the retention test, 
the trained LiCl-treated birds pecked differently from the 
untrained LiCl-treated group, although the total number of errors 
made was similar. The trained LiCl-treated group alternated 
more frequently between grains and pebbles. This same trend 
(although not as marked) was observed between the trained 
and untrained CXM-treated groups. This behaviour may reflect
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properties of the conditioned aversion that was formed, or arise 
from a conflict between hunger and anorexia. The same behaviour 
would be observed if, for example, the animal had associated all 
the new features of the training situation with illness, or even 
if the chicken associated only grains and pebbles with illness.
When placed on the floor again the chicken, unwilling to peck, 
would finally choose equal numbers of both grains and pebbles.
Or, less likely perhaps, the animal might have associated grain 
alone in a new context with illness, so that during the retention 
test the chicken chose pebbles as a form of displacement 
activity. It is not possible to decide which of these two 
explanations is correct. The important fact is that both LiCl 
and CXM when given in conjunction with training alter performance 
on the Pebble Floor in the same way.
The time measurements are also consistent. Neither 
the trained LiCl-treated nor the trained CXM-treated birds 
demonstrated decreases in the time taken to complete the first 
20 pecks of retention as the trained saline-treated groups did.
Thus, the retention performance of chickens given 
LiCl after training on the Pebble Floor is remarkably similar to 
that of chickens treated with CXM. Not only are the results 
consistent with the idea that CXM is acting as an aversive agent 
but most, if not all, of the behavioural data which is inconsistent 
with the interpretation that CXM is inhibiting the formation of 
memory can be explained in terms of a conditioned aversion.
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3.6 Further Analysis of the Conditioned Aversion
3.6.1 Introduction
Birds treated with CXM associate illness induced by 
CXM with training on the Pebble Floor. The birds form a con­
ditioned aversion and are reluctant to begin pecking when placed 
on the floor again. However, from the behavioural changes 
observed, it is impossible to deduce the exact nature of the 
conditioned aversion. For example, do the birds form an aversion 
to the grain alone in the novel context of the floor, to grain 
and pebbles together, or to the test situation in general?
The following experiment was an attempt to resolve this question.
3.6.2 Methods
The following experiment was conducted in two parts.
All the birds were trained (where appropriate) on the Pebble Floor
and treated with standard doses of saline or CXM. Half the birds
were tested for retention on the Perspex-Grain task, the others
on the Pebble Floor without grain. The birds were- trained on day
11 and retention was tested on day 12. To accentuate the
differences between the groups, the birds were allowed 5 min access
to the floors rather than a fixed number of pecks as previously
used. For the Perspex-Grain task the number of pecks at grain
per min, and the number of grains ingested per min were recorded,
and the ratio g173^ 33 ingested wag caicuiated. On the grainless 
no. of pecks
Pebble Floor the number of pecks at pebbles per min were scored.
The groups used were those described in 2.2.5: 192 chickens from
15 batches were used altogether.
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The results were analysed using non-parametric
statistics.
3.6.3 Results
Retention on the Perspex-Grain task
Both groups learnt the task when trained on the Pebble 
Floor; a statistical decrease in the number of errors between 
the first to the last group of 20 pecks was evident (p<<0.01, MWU, 
for both groups).
When retention was tested on the Perspex-Grain task after 
3 h deprivation, the trained CXM-treated birds pecked statistically 
less often than the trained saline-treated birds in the first and 
second min on the floor (0.02<p<0.05, MWU, for both min). No 
other differences in the number of pecks per min were noted between 
the four groups (Fig. 3.12). The number of grains ingested per min 
by the different groups is shown in Fig. 3.13. The trained CXM- 
treated group ingested statistically less than the trained saline- 
treated birds in the first (0.002<p<0.02, MWU), second (0.02<p<0.05, MWU), 
and third (0.002<p<0.02, MWU) min on the Perspex-Grain task. No 
other statistical significant differences were found between the 
groups.
In Fig. 3.14 the percentage of pecks that resulted in 
consumption in each min, is plotted for the 5 min of the retention 
test. The trained saline-treated birds were statistically different 
from the trained CXM-treated birds in the first 4 min on the floor
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Fig. 3.12 The performance of the birds on the Perspex-Grain 
task after being trained on the Pebble Floor. The drugs 
were administered immediately after the training trial, 
and retention was tested 24 h later. The birds were deprived 
of food for 3 h before both the training trial and the retention 
test. The average number of pecks made in every min ± standard 
error is plotted for the 5 min of the retention test.
The groups (N=12/group) are: a  — ---A saline - 3T:3R
a - -- A saline - 3 : 3 ' R
■ ---■ CXM - 3T:3R
□- CXM - 3 : 3 1 R
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Fig. 3.15 The performance of the birds on the Perspex-Grain 
task after being trained on the Pebble Floor. The drugs were 
administered immediately after the training trial, and retention 
was tested 24 h later. The birds were deprived of food for 
3 h before the training trial and for 15 h before the retention 
test. The average number of pecks made in every min ± standard 
error is plotted for the 5 min of the retention test.
The groups (N=12/group) are: a — A saline - 3T:15R
A - - - A saline - 3:15 ' R
■ ---■ CXM - 3T:15R
□ - CXM - 3:15 ' R
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Fig. 3.13 The performance of the birds on the Perspex-Grain task 
after being trained on the Pebble Floor. The drugs were 
administered immediately after the training trial, and retention 
was tested 24 h later. The birds were deprived of food for 3 h 
both before the training trial and the retention test. The 
average number of grains ingested in every min ± standard error 
for the 5 min of the retention test is plotted.
The groups (N=12/group) are: ▲--▲ saline - 3T:3R
A— a  saline - 3:3'R'
■ —  ■ CXM - 3T:3R
CXM 3 : 3 ' R'
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(1st : 0.002<p<0.02, MWU; 2nd : 0.02<p<0.05, MWU; 3rd : 0.002<p<0.02, MWU; 
4thj0.02<p<0.05, MWU). The trained CXM-treated birds just failed 
to be statistically different (probability range 0.002<p<0.10, MWU) 
from the untrained CXM-treated birds in the first min of the test 
because of the high number of tied scores. No other statistical 
differences were noted.
Thus, after 3 h deprivation the differentiation between 
all the groups was not very great. However, the trained CXM-treated 
group showed depressed appetitive behaviour relative to the trained 
saline-treated group in the first min of the task.
A similar trend was observed after 15 h deprivation.
There was no difference in the number of pecks made per min between 
the untrained saline-treated and untrained CXM-treated groups as 
shown in Fig. 3.15. The trained saline-treated birds pecked more 
than the untrained saline-treated group. This difference was 
statistically significant in the first 4 min (1st : 0.02<p<0.05, MWU;
2nd : 0.002<p<0.02, MWU; 3rd : 0.02<p<0.05, MWU; 4th:p=0.05, MWU) 
and almost significant in the last min (0.05<p<0.10, MWU). The 
trained saline-treated group also pecked more than the trained 
CXM-treated group in the first two min (1st : 0.002<p<0.02, MWU;
2nd : p=0.05, MWU).
The number of grains these birds ingested per min is 
shown in Fig. 3.16. Here a more marked differentiation of the 
groups was evident. Towards the end of the time allotted, the 
untrained CXM-treated group was ingesting more than the untrained 
saline-treated group (5th : 0.02<p<0.05, MWU). Ingestion was
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Fig. 3.16 The performance of the birds on the Perspex-grain 
task after being trained on the Pebble Floor. The drugs 
were administered immediately after the training trial, 
and retention was tested 24 h later. The birds were 
deprived of food for the 3 h prior to the training trial 
and for 15 h prior to the retention test. The average 
number of grains ingested in every min ± standard error 
for the 5 min of the retention test is plotted.
The groups (N=12/group) are: a — -- A saline - 3T:15R
a - -- A saline - 3:15 ' R
■ ---■ CXM - 3T:15R
□ --□ CXM - 3:15 ' R
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Fig. 3.14 The performance of the birds on the Perspex-Grain task 
after being trained on the Pebble Floor. The drugs were 
administered immediately after the training trial, and retention 
was tested 24 h later. The birds were deprived of food for 3 h 
both before the training trial and the retention test. The 
percentage of pecks that resulted in consumption in every min ± 
standard error for the 5 min of the retention test is plotted.
The groups (N=12/group) are: ▲-- ▲ saline - 3T:3R
a a saline - 3:3'R'
■  ■ CXM - 3T.-3R
□ ---□ CXM 3 : 3'R'
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significantly depressed in the trained CXM-treated group compared 
to the untrained CXM-treated group during the first (0.02<p<0.05, MWU), 
second (0.02<p<0.05; MWU), third (0.02<p<0.05, MWU), and fifth 
(0.002<p<0.02, MWU) min, relative to the trained saline-treated 
group. Throughout the test, the trained saline-treated birds ate 
statistically more than the trained CXM-treated birds (1st, 2nd,
3rd : p<0.002, MWU; 4th, 5th : 0.002<p<0.02, MWU) and more than 
the untrained saline-treated birds (1st, 2nd : 0.02<p<0.05, MWU;
3rd, 4th : 0.002<p<0.02, MWU; 5th : p=0.05, MWU).
The percentage of pecks that resulted in consumption in 
each min is shown in Fig. 3.17. This graph closely reflects 
Fig. 3.14. The untrained CXM-treated birds performed like the 
untrained saline-treated group in all but the fourth miiy when the 
untrained CXM-treated birds ingested significantly more of the 
grains at which they pecked (p=0.02, MWU). The percentage of pecks 
that resulted in consumption was statistically smaller for the 
trained CXM-treated group than for the untrained CXM-treated 
group in each of the five min recorded (1st, 2nd, 3rd : 0.02<p<0.05, MWU; 
4th : 0.002<p<0.02, MWU; 5th : p<0.002, MWU). In contrast, the 
percentage of successful pecks was statistically higher for the 
trained saline-treated group relative to the untrained saline- 
treated group in the first (p=0.05, MWU), third (0.002<p<0.02, MWU), 
and the fourth (0.002<p<0.02, MWU) min. The trained saline-treated 
group ingested more of the grains they pecked at than the trained 
CXM-treated group every min of the test (1st : 0.02<p<0.05, MWU;
2nd : p<0.002, MWU, 3rd : 0.002<p<0.02, MWU; 4th : p<0.002, MWU,
5th: p=0.02, MWU). Thus, there were clearer differences between
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Fig. 3.17 The performance of the birds on the Perspex-Grain 
task after being trained on the Pebble Floor. The drugs 
were administered immediately after the training trial, and 
retention was tested 24 h later. The birds were deprived 
of food for 3 h prior to the training trial and for 15 h 
prior to the retention test. The percentage of pecks that 
resulted in consumption in every min ± standard error for 
the 5 min of the retention test is plotted.
The groups (N=12/group) are: ▲-- a saline - 3T:15R
A--a  saline - 3:15'R'
■-■ CXM - 3T:15R
□ ---□ CXM 3:15'R'
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the groups after 15 h deprivation. The trained CXM-treated birds 
showed depressed appetitive behaviour, whereas the trained saline- 
treated group demonstrated enhanced consumatory behaviour relative 
to their appropriate untrained treated groups. At this level of 
deprivation, the untrained CXM-treated birds ingested slightly 
more than the untrained saline-treated birds.
Retention on Pebbles Only
Both groups learnt the Pebble Floor task within 60 pecks 
as required: statistically significant decreases in error scores
were recorded for both groups (p<<0.01, MWU, for both groups).
After 3 h deprivation, the birds were tested for retention 
on the Pebble Floor without grain (Fig. 3.18). The trained saline- 
treated group pecked differently from the other groups. The trained 
saline-treated group pecked more pebbles in the first four min 
of the retention test relative to the untrained saline-treated 
group (1st, 2nd 3rd, 4th : p<0.002, MWU) and the trained CXM- 
treated group (1st : 0.002<p<0.02, MWU; 2nd : 0.02<p<0.05, MWU,
3rd : p<0.002, MWU; 4th:0.02<p<0.05, MWU).
After 15 h deprivation the difference between the 
trained saline-treated birds and the other groups was even more 
pronounced (Fig. 3.19). The trained saline-treated birds pecked 
statistically more pebbles than the untrained saline-treated birds 
during the first four min of the retention test (1st, 2nd,
3rd : p<0.002, MWU, 4th : 0.002<p<0.02, MWU), and more than the 
trained CXM-treated group during the first, second, third 
(1st, 2nd, 3rd : p<0.002, MWU), and fifth (p=0.02,MWU) min of
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Fig. 3.18 The performance of the birds on the Pebble Floor 
without grain after being trained on the Pebble Floor with grain 
as is usual. The drugs were administered immediately after the 
training trial, and retention was tested 24 h later. The birds 
were deprived of food for 3 h both before the training trial 
and the retention test. The average number of pebbles that 
were pecked in each min ± standard error for the 5 min of the 
retention test is plotted.
The groups (N=12/group) are: a — --A saline - 3T:3R
A  — --A saline - 3 :3 1 R
■ -- ■ CXM - 3T:3R
□ - CXM - 3 : 3 ' R
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Fig. 3.19 The performance of the birds on the Pebble Floor 
without grain after being trained on the Pebble Floor with 
grain as is usual. The drugs were administered immediately 
after the training trial, and retention was tested 24 h later. 
The birds were deprived of food for 3 h prior to the training 
trial and for 15 h prior to the retention test. The average 
number of pebbles that were pecked in each min ± standard error 
for the 5 min of the retention test is plotted.
The groups (N=12/group) are: ▲-- a saline - 3T:15R
a  a saline - 3:15'R'
■ ■ CXM - 3T:15R
CXM 3 :15'R'
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the test. The trained CXM-treated group also showed a slight 
increase in the number of pebbles that were pecked during the 
retention test.
Thus, the trained saline-treated birds pecked a much 
larger number of pebbles than the other groups after both 3 h and 
15 h deprivation. This trend occurred in the trained CXM-treated 
group after 15 h deprivation too, although the change was only 
very slight.
3.6.4 Discussion
In order to characterise the type of conditioned aversion 
formed on the Pebble Floor, chickens were trained on the Pebble 
Floor and tested on different tasks where only certain properties 
of the original test were reinstated. The approach required the 
chickens to generalise from one task to a similar task.
When retention was tested on the Perspex-Grain task - 
a "Pebble Floor without pebbles" - the trained saline-treated birds 
showed enhanced appetitive behaviour, particularly after 15 h 
deprivation, relative to the untrained saline-treated birds. The 
trained birds were familiar with a number of properties of the 
new test situation, were less wary, and thus ingested sooner than 
the untrained saline-treated birds. The birds were able to 
generalise from the Pebble Floor test to the Perspex-Grain test.
In contrast to the trained saline-treated birds, the 
trained CXM-treated group showed a greater reluctance to begin 
eating during the retention test than the untrained CXM-treated
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birds. This behaviour is consistent with the hypothesis that the 
trained CXM-treated birds have formed a conditioned aversion to 
eating grain from perspex: the birds have associated illness
induced by CXM with the novel presentation of familiar food, 
producing a conditioned aversion.
The performance of the untrained CXM-treated birds 
was slightly better than that of the untrained saline-treated 
birds, which suggests that the birds treated with CXM were not 
suffering any ill effects 24 h after the administration of the 
drug. The fact that performance was enhanced may be another 
consequence of treatment with CXM in that the birds may be com­
pensating for the earlier anorexia induced by CXM, in the 
absence of a conditioned aversion, by eating more.
The results on the Perspex-Grain task give no inform­
ation about pebbles and their relevance to the conditioned aversion 
that is formed on the Pebble Floor. To investigate the signi­
ficance of pebbles, retention was tested on the Pebble Floor 
without grain : only pebbles were available. After both 3 and 
15 h deprivation, the trained saline-treated group pecked at a 
large number of pebbles. Despite learning that pebbles were not 
nutritively rewarding 24 h earlier, familiarity facilitated 
pecking at pebbles. That the birds preferred to peck at pebbles 
than not to peck at all is not surprising. Presumably one of 
the properties the trained saline-treated birds learnt was that 
pecking pebbles had no adverse consequences (otherwise con­
ditioned aversions would be formed). This knowledge, coupled
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with the fact that the birds have had nothing at which to peck 
during the deprivation period, and the fact that pebbles are 
inherently attractive to young chickens (REYMOND, 1977) resulted 
in the birds pecking large numbers of pebbles. In contrast, the 
untrained saline-treated birds pecked at pebbles much more 
cautiously, presumably because the safety of pebbles had not 
been established. The trained CXM-treated birds did not show 
the same pronounced elevation in pecks at pebbles as the trained 
saline-treated birds. This reluctance to peck pebbles suggests 
that pebbles were associated, like grain, with illness induced by 
CXM. The results also indicate that this reluctance to peck 
pebbles, of the trained CXM-treated birds, may be overcome given 
sufficient deprivation before the retention test.
Thus, these results suggest that the conditioned aversion 
formed on the Pebble Floor is not specifically to grain in a novel 
context (which includes pebbles) but to, at least, grains and 
pebbles. The conditioned aversion may even involve all the new 
features of the training situation, which includes the perspex 
for instance. These data do not distinguish between these two 
possibilities. However the fact that both grains and pebbles 
(if not the whole situation) are aversive may explain why equal 
numbers of grains and pebbles are pecked during the retention test 
on the Pebble Floor. The birds peck at random in a situation 
where they can peck one or other of two stimuli, but they avoid 
ingestion of grain.
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3.7 General Discussion
In order to form a conditioned aversion, an animal has 
to associate a novel experience with subsequent illness. To do 
this the animal must have a memory of both experiences. Thus, 
if CXM treatment induces the formation of a conditioned aversion, 
CXM cannot be completely inhibiting memory formation of the 
training experience as claimed by Rogers et al., (1977). Evidence 
has been presented in this chapter to support the contention 
that CXM can act as an aversive agent. A well-known aversive 
agent (LiCl), has been shown to produce very similar behavioural 
changes to those produced by CXM on both the Perspex-Grain task 
and on the Pebble Floor.
CXM treatment was found to produce changes essentially 
consistent with the known features of conditioned aversions. For 
instance, grain consumption was depressed during the retention 
test on both tasks. Conditioned food aversions always inhibit 
food intake, although, anorexia does not always mean a condi­
tioned aversion has been formed, as pointed out by Martin and 
Storlien (1976) . Durability is another recognised conditioned 
aversion characteristic. The CXM-induced changes observed were 
found to be long lasting, remaining for at least 72 h. It is 
known that young chickens, which have a remarkably poor sense 
of taste (KARE, BLACK and ALLISON, 1957; LINDEN and KARE, 1959) , 
readily form conditioned visual aversions. Martin and Bellingham 
(1979) and Bolas et al., (1979) have shown that chickens can, 
and do, form strong visual aversions to different-textured, and
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novel-coloured food. The results from the Perspex-Grain task 
and the Pebble Floor task suggest that chickens can form condi­
tioned visual aversions to familiar food presented in a novel 
context.
Another distinguishing characteristic of conditioned 
aversions is the unique temporal sequencing of events. Conditioned 
aversions are not formed if the aversive agent is given too far 
in advance of the learning trial. In other words, it is difficult 
to produce backward conditioning. CXM is also ineffective when 
administered too soon before learning occurs (for review see 
BARRACO and STETTNER, 1976). However conditioned aversions are 
formed when administration of the aversive agent is delayed for 
some time after training. Associations have been formed over 
delays as long as 8 h in chickens (MARTIN and BELLINGHAM, 1979) 
and even longer in other species (SMITH and ROLL, 1967). In this 
respect the temporal relationship between training and subsequent 
treatment with CXM appears, at first glance at least, to be 
inconsistent with the general data on conditioned aversions, in 
that CXM has no effect on performance during the retention test 
if treatment occurs too long after training. Rogers et al., (1974)
reported that CXM administered 30 min after training on the Pebble 
Floor had no effect on subsequent behaviour. Similar results have 
been reported by other workers using different tasks, although 
injections of CXM as long as 1 h after training have proven to 
be effective (GELLER et al., 1969; SQUIRE and BARONDES, 1972; 
UNGERER, 1973). The finding that CXM must be administered before
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or immediately after the training procedure, if it is to be 
effective, has been used as the strongest argument that protein 
synthesis at or about the time of learning is necessary for the 
formation of memories.
However an explanation in terms of conditioned aversions 
can be advanced: the onset of CXM induced illness may be sign­
ificantly delayed relative to other aversive agents, as suggested 
by Bolas et al., (1979). If this is the case, delays in treat­
ment would mean that the subsequent illness would be too far removed 
from the novel experience for an association to be formed. Other 
factors which might affect the time delay over which associations 
can be made are: (i) the strength of the aversive agent. The
present data suggests that CXM is less effective as an aversive 
agent than LiCl at the doses used in the above experiments;
(ii) the duration and type of illness experienced, and (iii) the 
method of drug administration: intracerebral, intraventricular
or intraperitoneal. Thus, the apparent conflict between the 
time-courses of conditioned aversions induced by CXM and other 
agents, may reflect differences in the aversive properties of the 
agents themselves, rather than suggest that different underlying 
phenomenon are involved.
Can the data from the Perspex-Grain task and from the 
Pebble Floor task be explained in another way? For instance, 
could LiCl be acting as an amnesic, rather than as an aversive, 
agent? Benowitz and Sperry (1973) have reported the amnesic 
effects of LiCl in chickens. Similarly Mark and Watts (1971)
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have shown that LiCl disrupts memory of a one-trial passive 
avoidance task. However, both these papers found LiCl treatment 
had no effect on memory when administered after training, as was 
the case in my experiments. In a more recent review, Johnson 
(1979), found the literature about the effects of lithium on memory 
and learning to be contradictory and confusing. Further evidence 
to suggest LiCl is not acting as an amnesic agent in my experiments 
comes from the nature of the relationship between the dose of an 
aversive agent and the strength of a condition aversion that is 
formed. If LiCl and CXM were acting as amnesic agents, increasing 
the dosage should inhibit memory more effectively, with the result 
that at high concentrations the animals should behave like naive 
subjects. However this is not the case. The administration of 
larger and larger doses of an aversive agent produces stronger, 
more obvious conditioned aversions (REVUSKY and GARCIA, 1970;
MARTIN, 1979). As demonstrated in the above experiments, the 
performance of trained CXM-treated birds is neither like that 
of the untrained CXM-treated chickens, nor like that of trained 
saline-treated groups. Rather than increasing ingestion, or 
rendering the animals naive, the response of chickens treated 
with CXM after training was to actively inhibit feeding behaviour 
during the retention test: the animals demonstrated memory. Thus
it is extremely unlikely that the behavioural similarities observed 
after CXM and LiCl reflect their ability to inhibit memory formation 
rather than similar aversive properties of the two drugs.
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Another possible explanation of the results is that CXM 
is having two concurrent effects: as an amnesic agent and as an
aversive agent. For example, this could occur if CXM was only 
partially effective in inhibiting memory formation, so that some 
experience was available to form a conditioned aversion. This 
could be of particular importance where the learning test is an 
appetitive one, and where the retention test is a recognition 
task rather than a recall task.
Squire et al., (1975) claim to have shown that it is 
possible to dissociate the amnesic and aversive properties of CXM. 
They did this by showing that both LiCl and inhibitors of protein 
synthesis could induce conditioned taste aversions, but only the 
inhibitors of protein synthesis impaired performance during the 
retention test on another task. To produce conditioned taste 
aversions mice, previously deprived of water for 48 h, were 
allowed 10 min access to water sweetened with saccharin. Ten 
min after the saccharin was removed the mice were treated with 
LiCl, anisomycin, CXM, or saline. On the four subsequent days 
the mice were given an opportunity to drink water, saccharin, 
water, and saccharin, and treated with the drugs after each 
exposure to saccharin. They found that the consumption of 
saccharin was depressed in all but the saline-treated group on 
days 2 and 4 after the initial exposure to the novel flavour. 
Consumption of water on days 1 and 3 was not affected. On another 
task mice were given 20 trials in a Deutsch Carousel where the 
mice had to make a correct discrimination to avoid footshock.
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LiCl, anisomycin, CXM, or saline were given 30 min before the 
training trials began and LiCl was also given 10 min after training 
to another group. Retention was tested by giving a further 20 
trials 7 days later. The number of correct responses made by the 
mice treated with CXM and anisomycin was less than for those mice 
treated with saline or LiCl before or after the training trials. 
Squire et al., (1975) concluded from these results that inhibiting 
protein synthesis induces amnesia, which is separate from the 
aversive effects of the drug. There are a number of problems with 
this interpretation of their results. It is unfortunate that 
Squire et al., (1975) looked at the inhibition of memory induced 
by CXM and anisomycin on a task - the automated Deutsch Carousel - 
where spontaneous recovery of memory after treatment with CXM has 
been reported (SQUARE and BARONDES, 1972), and where the effect 
of CXM on performance during the retention test is quite small, 
although statistically significant. Relative to the performance 
during training, the CXM-treated mice had substantial memory savings. 
As with so much of this type of work, the appropriate drug controls 
were not included, so that non-specific effects of drug admini­
stration cannot be determined. It may be that the small per­
formance decrement shown by the CXM-treated mice merely reflected 
the effects of CXM on general performance. In these experiments 
Squire et al., (1975) subcutaneously treated the mice with 1000
times the LD^ for intravenous administration of CXM (SISLER and 
SIEGEL, 1967). Despite the different injection routes, it is 
highly likely the animals (which survived) were extremely ill
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for some time. This alone may have affected retention performance. 
Flood and Jarvik (1976) have reported that CXM is more toxic to 
mice, determined by the percentage of mice that die, when given 
prior to training, in the multiple-trial situation, and when 
active, rather than passive, avoidance tasks are used. All 
of these conditions occur in the experimental design used by 
SQUIRE et al., (1975) . Thus there exists the strong possibility 
that performance deficits resulted merely from sickness, and not 
from amnesia. The reason why the LiCl-treated mice failed to show 
performance decrements may be because these mice were less sick 
and not because they had more memory than the CXM-treated mice.
It cannot be inferred, from the performance of the LiCl-treated 
mice, that the CXM-treated mice had no memory. The absence of 
a change after LiCl only indicates that mice do not readily form 
conditioned contextural aversions in the Deutsch Carousel. Squire 
et al., (1975) have shown that CXM will induce the formation of 
conditioned taste aversions but they have failed to demonstrate 
that memory formation has been affected, as a consequence of the 
inhibition of protein synthesis.
Another possible way to explain my data and that of 
Squire et al., (1975) is that CXM can produce amnesia and 
conditioned aversions concurrently. This would be possible if 
different biochemical mechanisms were at the basis of the two 
processes. That is, whereas for the formation of most memories 
protein synthesis is required, perhaps the formation of condi­
tioned aversion is independent of protein synthesis. Behavioural 
evidence which suggests the formation of conditioned aversions
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may be a unique form of learning, comes from the fact that condi­
tioned aversions can be formed despite large temporal delays between 
a novel experience and subsequent illness. Other unique features 
of the paradigm are that long lasting associations can be made 
with only one trial and animals seem predisposed to associate 
certain cues with certain consequences. And it is known that 
conditioned aversions are not inhibited by forms of manipulation 
which often produce amnesias. Neither chemical depression of the 
cortex in rats (BEST and ZUCKERMAN, 1971) nor anaesthesia during 
illness (ROLL and SMITH, 1972) disrupt the acquisition of a 
conditioned taste aversion. The claim of Tucker and Gibbs (1976) 
that the formation of conditioned aversions is inhibited by 
inhibitions of protein synthesis is not convincing (see section 3.1). 
But even if the formation of an association is unique and not 
protein-dependent, for which there is no biochemical evidence, 
the long-term engrams between which the association is made should 
be dependent on protein synthesis. Thus, if the engram is 
dependent on protein synthesis, the formation of conditioned 
aversions in the presence of inhibitors of protein synthesis should 
be impossible. To form conditioned aversions in the presence of 
CXM means that the engram is protein synthesis-independent.
It has been suggested that the learning of conditioned 
aversions may represent a more primative type of learning (SELIGMAN, 
1970) , in the sense that deeper brain regions are involved 
(BENJAMIN and AKERT, 1959), rather than that there is a difference 
in the underlying physiological processes. This raises the question
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of whether the failure of CXM to block the formation of conditioned 
aversions is due to its failure to inhibit protein synthesis in 
deeper brain regions. Woolston et al., (1979) have shown that 
young chickens given 40yg CXM in 50yl saline show extensive 
inhibition of protein synthesis throughout the whole brain which 
makes the above explanation unlikely. Thus to achieve conditioned 
aversions in the presence of CXM strongly suggests that neither 
the formation of an engram nor the formation of an association 
is protein dependent.
From the Pebble Floor data the possibility that CXM 
may be inhibiting memory formation has not been disproven, and 
indeed it may not be possible to formally disprove it. On the 
other hand, there is no evidence to suggest that memory inhibition 
had in fact occurred on the Pebble Floor: the behaviour of
birds trained and treated with either CXM or LiCl was the same.
The behavioural changes on the Pebble Floor that were previously 
used to substantiate claims of CXM's amnesic effect are readily 
explained as resulting from CXM-induced conditioned aversion.
This suggests that CXM is not inhibiting memory formation at all. 
The importance of this finding and it's implications will be
discussed in detail in Chapter 7.
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4. IS THE EXCITOTOXIC ACTION OF CYCLOHEXIMIDE IMPORTANT IN 
THE FORMATION OF CONDITIONED AVERSIONS?
4.1 Introduction
Evidence has been presented in the preceding chapters 
which suggests that CXM is probably not inhibiting memory formation 
or memory retrieval when given immediately after training on 
day 11. The data suggest that illness induced by CXM may be 
associated with training on the Pebble Floor, resulting in a 
conditioned aversion. Consequently, when retention is tested 
some time later, the birds are unwilling to peck both grain and 
pebbles in the Pebble Floor context.
The primary biochemical action of CXM is to inhibit 
the synthesis of proteins on cytoplasmic ribosomes of eukaryotes.
One consequence of the inhibition of protein synthesis in brain 
is that the concentrations of amino acid in the brain increases. 
Hambley and Rogers, (1979) have suggested that, when CXM is 
administered two days after hatching, the increased concentrations 
of glutamic and aspartic acids which occur in the brain may be 
responsible for making the CXM-treated birds permanently slower 
at learning (see section 5.1). It is possible that CXM also induces 
conditioned aversions by increasing amino acid levels in the 
brain. If this is so, then just as amino acids which have been 
injected into the brain induce slow learning of the kind induced 
by CXM, they should also affect performance on a retention test
in a manner similar to CXM.
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4.2 Methods
In this experiment 112 locally-hatched chickens from 
9 different batches were used. The chickens were raised under 
normal conditions (see 2.2.2).
On day 11, the birds were deprived of food for 3 h.
Half the chickens were trained on the Pebble Floor. Seven groups 
of 8 trained chickens received 50yl of either saline, 50mM glutamic 
acid, 50mM aspartic acid, 50mM y-aminobutryic acid (GABA),
50mM glycine, 50mM taurine, or 0.08mM kainic acid immediately 
after training. The untrained birds were divided randomly into 
a further 7 groups of 8; and given one of the above solutions.
Performance was tested after a further 3 h deprivation, 24 h 
after injection of the amino acids.
The concentrations of the particular substances used 
in this experiment have all been found to produce the phenomenon 
of slow learning (HAMBLEY and ROGERS, personal communication).
Each solution was made as follows:
50mM glutamic acid : 0.368g of glutamic acid was dissolved in 50ml saline. 
50 mM aspartic acid : 0.333g of aspartic acid was dissolved in 50ml saline. 
50mM GABA : 0.258g of y-aminobutyric acid was dissolved in 50ml saline.
50mM glycine : 0.187g of glycine was dissolved in 50ml saline.
50mM taurine : 0.313g of taurine was dissolved in 50ml saline.
0.08mM kainic acid : 1.7mg of kainic acid was dissolved in 100ml saline.
All solutions were adjusted to pH7 with sodium hydroxide.
Performance on the Pebble Floor was scored and analysed 
in the standard manner (see 2.2.4 and 2.2.5) . All statistical analysis
was non-parametric.
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4.3 Results
All the groups learnt the task during training 
(Figs. 4.1, 4.2, 4.3, 4.4, 4.5, 4.6 and 4.7) as reflected by a 
statistically significant decrease in the number of pebbles chosen 
in the last block of 20 pecks relative to the first (glutamic acid, 
kainic acid, aspartic acid, : p<0.02; saline : 0.01<p<0.02; 
taurine : p=0.02; glycine, GABA : 0.02<p<0.05, MPSRT). All the 
groups that were trained 24 h earlier remembered the task. There 
were statistically significant differences between all the trained, 
treated groups and the appropriate untrained, treated groups in 
the first 20 pecks of the retention test (saline, glycine : p=0.000; 
GABA, glutamic acid, kainic acid, aspartic acid : p=0.001; taurine : 
probability range 0.000<p<0.005, MWU).
All the untrained, treated groups learnt normally, as 
indicated by a statistically significant decrease in errors within 
60 pecks (saline, glutamic acid, kainic acid : p<0.01;
GABA : 0.01<p<0.02; glycine, aspartic acid : p=0.02; taurine : 
0.02<p<0.05, MPSRT). All the trained and treated birds, except 
for those treated with aspartic acid, showed a slight increase in 
the number of pecks at pebbles during the retention test. In 
contrast the trained group treated with aspartic acid performed 
slightly better in the last 20 than the first 20 pecks on the 
retention test. Unfortunately due to the large number of ties and 
relatively small number of birds per group, statistical inferences 
about changes in performance during the retention test within each 
of the groups were not possible. Comparisons between trained and
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Fig. 4.1 The performance of the birds on the Pebble Floor 
during the training trial and the retention test after food 
deprivation for 3 h. The average number of errors ± standard 
error in blocks of 20 pecks has been plotted for the 60 pecks 
of the training trial, as well as the 60 pecks of the retention 
test. The drugs were administered immediately after training, 
and retention was tested 24 h later.
The groups (N=8/group) are: ▲— ▲ saline - 3T:3R
a--a saline 3 :3'R'
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Fig. 4.2 The performance of the birds on the Pebble Floor 
during the training trial and the retention test after food 
deprivation for 3 h. The average number of errors ± standard 
error in blocks of 20 pecks has been plotted for the 60 pecks 
of the training trial, as well as the 60 pecks of the retention 
test. The drugs were administered immediately after training, 
and retention was tested 24 h later.
The groups (N=8/group) are: ■— ■ glutamic acid - 3T:3R
glutamic acid - 3:3'R
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Fig. 4.3 The performance of the birds on the Pebble Floor 
during the training trial and the retention test after food 
deprivation for 3 h. The average number of errors ±standard 
error in blocks of 20 pecks has been plotted for the 60 pecks 
of the training trial, as well as the 60 pecks of the retention 
test. The drugs were administered immediately after training, 
and retention was tested 24 h later.
The groups (N=8/group) are: • aspartic acid - 3T:3R
0-0 aspartic acid - 3:3'R'
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Fig. 4.4 The performance of the birds on the Pebble Floor 
during the training trial and the retention test after food 
deprivation for 3 h. The average number of errors ± standard 
error in blocks of 20 pecks has been plotted for the 60 pecks 
of the training trial, as well as the 60 pecks of the retention 
test. The drugs were administered immediately after training, 
and retention was tested 24 h later.
The groups (N=8/group) are: ▼  kainic acid - 3T:3R
v— v kainic acid - 3:3'R'
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Fig. 4.5 The performance of the birds on the Pebble Floor 
during the training trial and the retention test after food 
deprivation for 3 h. The average number of errors ± standard 
error in blocks of 20 pecks has been plotted for the 60 pecks 
of the training trial, as well as the 60 pecks of the retention 
test. The drugs were administered immediately after training, 
and retention was tested 24 h later.
The groups (N=8/group) are: t--- • GABA - 3T:3R
0---0 GABA 3 : 3 ' R'
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Fig. 4.6 The performance of the birds on the Pebble Floor 
during the training trial and the retention test after food 
deprivation for 3 h. The average number of errors ± standard 
error in blocks of 20 pecks has been plotted for the 60 pecks 
of the training trial, as well as the 60 pecks of the retention 
test. The drugs were administered immediately after training, 
and retention was tested 24 h later.
The groups (N=8/group) are: ••— •• taurine - 3T:3R
OO—  OO taurine - 3:3'R'
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Fig. 4.7 The performance of the birds on the Pebble Floor 
during the training trial and the retention test after food 
deprivation for 3 h. The average number of errors ± standard 
error in blocks of 20 pecks has been plotted for the 60 pecks 
of the training trial, as well as the 60 pecks of the retention 
test. The drugs were administered immediately after training, 
and retention was tested 24 h later.
The groups (N=8/group) are: X- X glycine
X--X glycine
- 3T:3R
- 3:3 ' R'
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untrained groups in the number of pebbles pecked at in the last 
20 pecks of the retention test revealed no differences, except for 
the groups treated with aspartic acid. The trained group treated 
with aspartic acid performed statistically better than the untrained 
group treated with aspartic acid (p=0.00, MWU).
One other point of note was that the trained taurine- 
treated group performed statistically better in the first 20 pecks 
of retention than during the last 20 pecks of training (probability 
range 0.000<p<0.007, MWU). The administration of taurine had no 
effect on the performance of the untrained group.
Thus, treatment with glutamic acid, aspartic acid, 
glycine, GABA, taurine, and kainic acid did not induce conditioned 
aversions, as determined on the Pebble Floor, even though the 
birds were very ill after drug treatment. The administration of 
glutamic acid and kainic acid, in particular, caused epileptic-like 
seizures in the chickens.
4.4 Discussion
Although CXM induces conditioned aversions when it is 
administered to young chickens after training on the Pebble Floor, 
similar effects were not observed when glutamic acid, aspartic acid, 
glycine, taurine, GABA, and kainic acid were administered. Although 
the birds appeared to be very ill as a result of the injection of 
the amino acids, they did not associate illness with the Pebble Floor. 
This indicates that CXM's action of increasing cerebral concen­
trations of putative amino acid transmitters, thought to underly
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the phenomenon of slow learning, is unlikely to cause the 
conditioned aversions noted after treatment with CXM.
CXM is known to have both central and peripheral 
effects in young chickens (WOOLSTON et al., 1979), either 
one, or both, of which may be important in the establishment of 
conditioned aversions. Within 1 h of the injection, birds given 
CXM intracerebrally have vastly distended gall bladders and blotchy 
livers, indicative of peripheral disruption. Protein synthesis 
is inhibited in liver, and probably in most peripheral tissues.
In contrast, increased levels of transmitter amino acids in the 
brain are only likely to cause gross perturbation in the central 
nervous system. Even if the amino acids leak out, at least in the 
concentrations used in these experiments, they are unlikely to 
significantly alter circulating amino acid concentrations. Even 
if they did, there is no reason to believe that such increases 
should have marked effects on the functioning of peripheral tissues.
The absence of a conditioned aversion after intracerebral 
injection of the transmitter amino acids may therefore indicate 
that acute central distress, on its own, is not the key factor in 
determining if a conditioned aversion will be formed.
Many different types of substances have been shown to 
induce the formation of conditioned aversions. For example, it is 
known that animals avoid a novel-tasting solution when consumption 
of that solution has previously been followed by the injection of 
certain hormones, psychoactive drugs, antibiotics, salts and emetics
(WILCOXIN et al., 1971; WOODS, WEISINGER and WALD, 1971; BERGER, 1972;
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CAREY and GOODALL, 1974; WEISINGER, PARKER and SKORUPSKI, 1974). 
The primary site of action of some of these chemicals, the 
psychoactive drugs in particular, is presumably on the central 
nervous system. Thus, whether central and/or peripheral effects 
are necessary for the formation of conditioned aversions remains 
undetermined. More work needs to be done to resolve this issue.
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PART 2
THE ADMINISTRATION OF CYCLOHEX IMI DE WITHIN
THE CRITICAL PERIOD FOR IMPRINTING
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5. CYCLOHEXIMIDE AND THE PHENOMENON OF SLOW LEARNING 
5.1 Introduction
CXM has been used in memory research in preference to 
puromycin, another inhibitor of protein synthesis, and inhibitors 
of RNA synthesis, primarily because CXM was thought to have fewer 
and less severe side effects. In 1972 Rogers and Mark reported 
that CXM, given to young chickens, had an additional effect on 
learning and memory other than the impairment of performance in a 
retention trial. They found that chickens given CXM early in life 
not only appeared to have sustained loss of memory of events about 
the time of treatment, but were also permanently slower to learn 
new tasks. In a subsequent paper, Rogers et al.,(1974) investigated 
the phenomenon in more detail. They found that when CXM was given 
to chicks between day 2 and day 5 of life the birds were, as a group, 
statistically slower to learn a number of tasks when trained in the 
second week of life. Long after protein synthesis in the brain 
returned to normal the birds continued to manifest behavioural 
abnormalities. The time of susceptibility to this action of CXM 
approximately paralleled the imprinting period described by 
other workers (SLUCKIN, 1967).
On the Pebble Floor, birds treated with saline initially 
select equal numbers of grain and pebbles but learn to peck grains 
in preference to pebbles within 60 pecks. Rogers et al., (1974) 
found that birds treated with CXM on day 2 continued to peck large 
numbers of pebbles throughout the test when the birds were trained 
on day 14. Only when allowed many more than 60 pecks would the
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birds treated with CXM demonstrate a preference for grain like the 
birds treated with saline.
Birds treated with CXM were also shown to be slow 
learners on both auditory and visual habituation tasks. In addition, 
they were permanently socially disadvantaged. Slow learners drifted 
to the bottom ranks of their group hierarchies. In competitions for 
food and warmth chickens treated with CXM on day 2 always came last, 
even into adulthood (ROGERS et al., 19.74).
Most interesting of all, the phenomenon of slow learning 
induced by CXM was shown to be both dependent upon sensory input and 
specific to sensory modalities (DRENNEN, 1973; ROGERS and DRENNEN,
1978) . They found that if the birds treated with CXM were deprived 
of visual input for 3 h immediately after injection, the birds 
were able to perform visual tasks as well as those injected with 
saline, when trained 10 days later. However the birds were slow 
learners when tested on auditory tasks. When birds treated with 
CXM were placed in sound attenuation chambers in the immediate 
post-injection period, this modality was protected, and slow 
learning was only detected on visually-dependent learning tasks 
when the birds were trained 10 days later. In later work they 
demonstrated that certain types of perceptual input were important 
for the establishment of slow learning. Simply exposing chickens 
during the post-injection period to dots or crosses in the centre 
of the visual field produced slow learning, whereas parallel lines 
had no effect on subsequent learning rates (ROGERS and DRENNEN, 1978).
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Initially it was assumed that this slow learning effect 
produced by treatment with CXM was directly due to an effect on 
ribosomal protein synthesis. More recently Hambley and Rogers (1979) 
have suggested that slow learning is probably a result of changes 
in the brain induced by increased concentrations of amino acids, 
as a consequence of the inhibition of protein synthesis, rather 
than due to deficient synthesis of proteins per se. When CXM 
was administered on the second day after hatching, large increases 
in the concentrations of the putative central transmitters, 
glutamic acid and aspartic acid were induced. Injection of either 
of these transmitters into young chickens produced changes in 
performance on the Pebble Floor similar to those produced by treat­
ment with CXM: the birds were slow learners when trained on day 10.
When given during the critical period, previously established for 
CXM, glutamic acid and aspartic acid effectively produced slow 
learning. Given outside, they were ineffective. Hambley and Rogers 
(1979) suggested that this critical period reflects the establish­
ment of an effective blood-brain barrier. They argued that only 
after the establishment of an effective blood-brain barrier (or 
perhaps other homostatic mechanisms) in the first week of life 
are dangerous concentrations of substances such as transmitters 
cleared from the brain.
Although a hypothesis about the possible mechanism of 
CXM induced slowed learning has been advanced, evidence in support 
of the idea is contradictory. One might expect to find cerebral 
lesions as a result of the excitotoxic action of glutamic acid
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and aspartic acid (McGEER, OLNEY and McGEER, 1979) , but Rogers 
et al., (1974) claimed that no cell loss was evident in the posterior 
para-hippocampal area or the anterior, medial wulst. Cell death 
may have been restricted to other areas, although this seems 
unlikely since Woolston et al., (1979) have shown that CXM inhibits 
protein synthesis throughout the brain. General inhibition of 
protein synthesis and increased levels of glutamic acid and aspartic 
acid might be expected to cause widespread lesions.
Two other putative transmitters y-aminobutyric acid and 
taurine also produce slow learning when injected into the brain, 
although they are not excitatory transmitters, but are 
believed to be inhibitory transmitters. The hypothesis does not 
explain how these inhibitory transmitters might produce slow 
learning. However, neither of these amino acids is likely to 
contribute to CXM-induced slow learning because neither occurs 
in proteins, so that inhibition of protein synthesis would not, 
and does not, alter their cerebral concentrations (HAMBLEY and 
ROGERS, 1979).
The nature of the deficit which might result in slow 
learning has not been determined. Rogers et al., (1974) suggested 
that slow learning was a result of incorrect laying down of early 
memories at a critical stage in early development. However, as 
shown in Part 1 of this thesis, it is far from certain that CXM 
acts at the level of memory formation. Instead, the learning 
deficit could reflect changes in motivation, attention, or per­
ception, as consequences of altered brain structures or development.
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Before proceeding to investigate the behavioural changes 
which make the birds slow learners, it was necessary to produce the 
slow learning phenomenon at the Australian National University. 
Previously I had worked at Monash University, and used the pheno­
menon of slow learning as a tool to investigate functional lateral­
ization in the chicken fore-brain (ROGERS and ANSON, 1979). I 
was familiar with the techniques required and saw no problem with 
continuing this work at the Australian National University. 
Unfortunately it proved to be impossible to reproduce the pheno­
menon there. I therefore investigated some of the factors which 
might be involved in the differing results obtained at Monash 
University, and at the Australian National University.
5.2 Methods
In these experiments chickens were obtained from three 
different sources. For the experiments carried out at Monash 
University, day-old male chickens from Clarinda Poultry Farm were 
used. Day-old male chickens were obtained in Canberra by air­
freighting birds supplied by Research Poultry Farm from Melbourne. 
Unsexed day-old chickens hatched in the laboratory were also used.
Standard housing and injection methods, as described 
in 2.2 were followed throughout. A number of different batches 
from the same source were used in each experiment.
In every experiment the birds were trained on the Pebble 
Floor on day 10 after 3 h food deprivation, except where exceptions
are noted.
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i) Performance differences at Monash University and the 
Australian National University
In this section, half the chickens were obtained from 
Research Poultry Farm and tested in Canberra (N=16). The remaining 
birds were obtained and tested at Monash University (N=16) . Half 
the chickens in each group (N=8) received the standard dose of 40|jg 
CXM in 50yl saline, the other half received 50jj1 saline only. Drugs 
were administered on day 2 of life.
ii) The effect of air-freighting from Melbourne on performance
In this section, some of the birds were hatched in the 
laboratory and subsequently tested (N=30). The others were obtained 
from Research Poultry Farm, and tested in Canberra (N=16). Drugs 
were administered on day 2, with half the birds in each group 
receiving the standard dose of CXM while the rest received saline 
only. After training on day 10 the birds hatched in Canberra were 
killed so the sex of the birds could be determined.
iii) Administration of CXM at different times after hatching
In these experiments, unsexed birds hatched in the laboratory 
were used. Drugs were administered on days 2, 3, or 4. Half the 
birds received the standard dose of CXM, the others received saline. 
Forty-eight birds were used.
iv) The effect of kainic acid on performance
In this section, unsexed birds hatched in the laboratory 
were used (N=16). On day 2 half the birds received 50|il of a 0.08mM 
solution of kainic acid. The solution was made by dissolving 
0.00165g kainic acid in 5ml physiological saline and diluting the
solution 1:20 times. This was the lowest dose at which no deaths
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occurred as a result of the injection. The remaining birds received 
saline. All the birds were tested on day 10 after 3 h deprivation, 
v) Other variables
In the final section, 560 chickens from Research Poultry 
Farm, and 176 chickens hatched at the Australian National University, 
were divided into 92 groups of 8 chickens and injected with either 
saline or the standard dose of CXM 2 days after hatching. Eighteen 
different variables were manipulated (see Table 5.5) in an attempt 
to produce a difference in learning rate between birds treated with 
saline and those treated with CXM.
5.3 Results
i) Performance differences at Monash University and the 
Australian National University
At Monash University, birds treated with CXM on day 2 
and tested on the Pebble Floor on day 10 were slower learners than 
the saline-treated birds. The CXM-treated birds showed no stat­
istically significant decrease in the number of errors scored in 
the last relative to the first block of 20 pecks. In contrast, 
the saline-treated birds showed a statistically significant decrease 
in errors. The CXM-treated and saline-treated groups were stat­
istically different in the last 20 pecks. These data obtained 
at Monash University demonstrating the phenomenon of slow learning 
are shown in Table 5.1. Data from my honours year, obtained before 
moving to Canberra, are included for comparison. Similar behaviour 
was observed in both experiments performed at Monash University.
Also included in the table are data from birds air-freighted to
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TABLE 5.1
PERFORMANCE DIFFERENCES AT MONASH AND ANU
PLACE
OF
TESTING
SALINE CXM
No. of pebbles over pecks No. of pebbles over pecks
1-20 21-40 41-60 1-20 21-40 41-60
MONASH 
(B.Sc
Hons.data)
10.610.9 5.511.7 4.811.2 8.811.3 8.511.6 8.612.0
MONASH 
(After 
ANU)
12.311.2
1_
6.511.5
— |
4.310.9
r i
10.511.3 9.411.1 8.110.9
____ I
•
ANU 9.011.6 7.511.6 7.511.6 8.911.5 8.411.8 8.311.4
The performances of chickens on the Pebble Floor are shown above.
The chickens (N=8 per group) received CXM or saline on day 2 and 
were tested on day 10 after 3 h food deprivation. Only male chickens 
hatched in Melbourne were tested, either at Monash or the ANU.
The error scores ± the standard errors in each block of 20 pecks on 
the Pebble Floor are given. A two-tailed Mann-Whitney U test was used 
to make inter-group comparisons and a two-tailed Matched-Pairs Signed-Rank 
test was used for intra-group comparisons. • means p=0.05; •• means p£0.02;
•••means p^O.Ol.
Note: i) the saline-treated birds tested at Monash learnt the task
within 60 pecks;
ii) the CXM-treated birds tested at Monash failed to learn within 
60 pecks: the CXM-treated birds were slow learners;
iii) all birds tested at the ANU, regardless of treatment, 
failed to learn the task;
iv) no conclusions can be made about CXM and the slow 
learning phenomenon from the results at the ANU.
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Canberra from Research Poultry Farm and tested on the Pebble Floor. 
All the birds flown from Melbourne and tested in Canberra showed 
slow learning, regardless of treatment. Not only were the birds 
treated with CXM slow learners, but the saline-treated birds also 
performed badly on the Pebble Floor. The saline-treated birds 
tested in Canberra performed poorly when compared with saline- 
treated birds tested at Monash. No conclusions about the slow 
learning effect of CXM in Canberra were possible because the 
saline-treated birds failed to learn normally.
ii) The effect of air-freighting from Melbourne on performance
In order to determine if the poor performance of birds
tested in Canberra was due to the flight or some other cause,
the performances on the Pebble Floor of birds hatched in the
a
laboratory at the Australian National University were compared 
with the performances of chickens air-freighted to Canberra. All 
the birds that were flown-in performed badly on the Pebble Floor 
regardless of treatment, as before. There were no statistically 
significant differences between errors scored in the last, relative 
to the first, block of 20 pecks in either the saline-treated or 
CXM-treated group. In contrast, all the locally-hatched birds, 
regardless of treatment, performed the task well. Both groups 
showed a significant decrease in the number of errors scored 
during the test (see Table 5.2). The saline-treated and CXM- 
treated birds which had been hatched at the Australian National 
University scored fewer errors in the last 20 pecks than saline- 
treated and CXM-treated birds flown-in from Melbourne (probability 
range : 0.025<p<0.10, MWU). The sex of the birds hatched locally
had no effect on behaviour on the Pebble Floor.
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TABLE 5.2
THE EFFECT OF AIR-FREIGHTING FROM MELBOURNE ON PERFORMANCE
ORIGIN
OF
BIRDS
SALINE CXM
No. of pebbles over pecks No. of pebbles over pecks
1-20 21-40 41-60 1-20 21-40 41-60
Hatched
Melb.
11.311.3 8.111.4 8.311.7 12.112.0 9.011.8 8.311.5
Hatched
Locally
7.911.0
1
4.011.7
•
4.311.0
1
7.511.3
t
4.610.8
••
3.911.3
1
The performances of chickens on the Pebble Floor are shown above.
The chickens received CXM or saline on day 2 and were tested on day 10 
after 3 h food deprivation. All testing occurred at the ANU. One group 
of chickens was hatched in Melbourne and flown to Canberra on day 1; 
the other group was hatched in the Department of Behavioural Biology.
The error scores ± the standard errors in each block of 20 pecks on the 
Pebble Floor are given. A two-tailed Matched-Pairs Signed-Rank test 
was used. • means p=0.05; •• means 0.02<p<0.05.
Note : i) the birds flown to Canberra failed to learn the task,
regardless of type of treatment;
ii) the birds hatched locally all learnt the task, regardless 
of type of treatment.
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Thus, the flight was having a significantly deleterious 
effect on performance on the Pebble Floor task. But in addition, 
performance of the task by birds hatched locally failed to demon­
strate the phenomenon of slow learning.
iii) Administration of CXM at different times after hatching
Since slow learning is not produced if CXM is admini­
stered before the second day after hatching (ROGERS et al., 1974), the 
birds in this experiment were treated with CXM at later times in 
an attempt to produce the phenomenon of slow learning in Canberra.
All the birds performed the task normally, regardless of the time 
of treatment. When tested on day 10, the groups previously injected 
on day 2 showed a statistically significant decrease in the number 
of errors recorded in the last relative to the first block of 20 
pecks (see Table 5.3). The birds injected on day 3 showed a 
similar trend. The birds treated with saline on day 4 also showed 
a statistically significant decrease. The group injected with 
CXM on day 4 also showed a decrease in the number of errors scored 
but this just failed to reach statistical significance. No 
saline-treated group was significantly different from the group 
treated with CXM on the same day. Thus no general learning 
deficit was apparent when CXM was administered at later times.
iv) The effect of kainic acid on performance
In order to reproduce the phenomenon of slow learning 
in Canberra CXM was replaced by kainic acid, another agent known 
to produce slow learning (ROGERS, personal communication). Kainic
acid also failed to alter Pebble Floor performance. The group
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TABLE 5. .3
ADMINISTRATION OF DRUG AT DIFFERENT TIMES AFTER HATCHING
TIME
OF
TREATMENT
SALINE CXM
No. of pebbles over pecks No. of pebbles over pecks
1-20 21-40 41-60 1-20 21-40 41-60
D2 10.811.8
1
5.412.0
... M  . ..
3.911.4
_______J
12.411.6
L ...........
6.412.2 4.011.0
, ,J
D3 10.812.2
L ........... ..
6.511.4
•
6.011.3 
.... .... J
13.612.0
1_
4.811.4 4.111.5
....1
D4 8.011.6
1
3.910.8
•
3.610.8 
. .. J
9.011.8 3.110.8 4.310.9
The performances of chickens on the Pebble Floor are shown above.
The chickens received CXM or saline on days 2, 3, or 4 and were tested 
on day 10 after 3 h food deprivation. Only chickens hatched locally 
were used.
The error scores ± the standard errors in each block of 20 pecks on 
the Pebble Floor are shown. A two-tailed Matched-Pairs Signed-Rank test 
was used. • means 0.02<p<0.05; •• means p<0.01.
Note : All the groups learnt the task, regardless of time of
injection and drug treatment.
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treated with kainic acid pecked statistically less pebbles 
in the last block of 20 pecks relative to the first, and was not 
statistically different from saline-treated chicks in the last 20 
pecks (see Table 5.4). The saline-treated group just failed to 
show a statistically significant decrease in the number of pebbles 
chosen during the test, 
v) Other variables
As shown in Table 5.5 the birds flown-up from Melbourne 
continually failed to learn the Pebble Floor task within 60 pecks. 
Within each group, regardless of treatment, there was no signi­
ficant decrease in the number of errors made in the last relative 
to the first block of 20 pecks. Altering the conditions of housing, 
injecting, or testing had no effect on performance.
All the birds hatched in the laboratory at the Australian 
National University, regardless of how the environmental conditions 
were changed learnt the Pebble Floor task (Table 5.6). Each 
group showed a statistically significant decrease in the number of 
errors in the last relative to the first block of 20 pecks 
(p£0.05, MPSRT, for all groups).
In general, all the birds treated with CXM, regardless 
of where they were hatched, showed increased reactivity. This was 
evident in the way the birds continually jumped at the sides of 
the home-cage to escape the Pebble Floor. The birds also appeared 
to peep and excrete more in the test situation.
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TABLE 5.4
THE EFFECT OF KAINIC ACID ON PERFORMANCE
SALINE KAINIC ACID
No. of pebbles over pecks No. of pebbles over pecks
1-20 21-40 41-60 1-20 21-40 41-60
9.312.3 2.810.9 3.811.4 11.311.9i 2.011.0• 3.211.5i
The performances of chickens on the Pebble Floor are shown above. 
The chickens received either kainic acid or saline on day 2 and 
were tested on day 10 after 3 h food deprivation. Locally hatched 
chickens were used.
The error scores ± the standard errors in each block of 20 pecks 
are given. A two-tailed Matched-Pairs Signed-Rank test was used.
• means p=0.05.
Note : i) both groups learnt the task: slow learning was
not evident.
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TABLE 5.5 
OTHER VARIABLES
A) BIRDS FLOWN-UP FROM MELBOURNE
HOUSING SALINE CXM
Different laboratory Noisy No learning No learning
Quiet No learning No learning
Chickens Housed in 2 days No learning No learning
Groups Longer Before 3 days No learning No learning
Separation 4 days No learning No learning
Altered laboratory 35°C No learning No learning
temperature 27°C No learning No learning
22°C No learning No learning
Different Amounts normal No learning No learning
of Handling excess No learning No learning
Transparent Front of normal No learning No learning
Home-Cage covered No learning No learning
Different Grains with antibiotics No learning No learning
without antibiotics No learning No learning
INJECTING SALINE CXM
Different Drug Lesley Rogers No learning No learning
Administrators Helen Drennen No learning No learning
Judith Anson No learning No learning
Altering the Time 10am No learning No learning
of Drug Administration 4 pm No learning No learning
TESTING SALINE CXM
Different Helen Drennen No learning No learning
Experimenters Judith Anson No learning No learning
Different Floors Marked contrast 
between pebbles 
and grains
No learning No learning
Little contrast 
between pebbles 
and grains
No learning No learning
Floor used at 
Monash University No learning No learning
Different Levels of 3 h No learning No learning
Deprivation Before 5 h No learning No learning
Testing 15 h No learning No learning
Giving Experience of 0 No learning No learning
Deprivation for a 1 No learning No learning
Number of Days Prior 2 No learning No learning
to Testing 3 No learning No learning
Testing at Different 10am No learning No learning
Times of the Day 4pm No learning No learning
Different Age at 10 days No learning No learning
Testing 16 days No learning No learning
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TABLE 5.S
B) BIRDS HATCHED AT THE AUSTRALIAN NATIONAL UNIVERSITY
HOUSING SALINE CXM
Different
Positions
Shelf High
Middle
Low
Learning
Learning
Learning
Learning
Learning
Learning
Different Grains Excess wheat 
Normal food
Learning
Learning
Learning
Learning
INJECTING SALINE CXM
Different Drug 
Administrators
Lesley Rogers 
Helen Drennen 
Judith Anson
Learning
Learning
Learning
Learning
Learning
Learning
TESTING SALINE CXM
Different Floors Marked contrast 
Little contrast 
From Monash
Learning
Learning
Learning
Learning
Learning
Learning
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5.4 Discussion
In an attempt to replicate the phenomenon of slow learning 
obtained at Monash University, sexed male chickens were flown to 
Canberra from Melbourne. Unfortunately, after the trip the 
behaviour of the birds was still affected 10 days after arrival. 
Untreated birds did not learn the Pebble Floor discrimination task, 
and did not perform normally on a passive avoidance task (BELL, 
personal communication).
In an attempt to avoid this problem I used unsexed chickens 
that had been hatched in the Department of Behavioural Biology. 
Unsexed, untreated birds hatched in Canberra performed well on the 
Pebble Floor, but so did birds treated with CXM. Regardless of 
the sex of the birds, treatment with CXM did not produce slow 
learning on the Pebble Floor.
Many parameters were varied, in order to reproduce slow 
learning, all to no avail. For example, the time of injection was 
varied in case the laboratory-hatched chickens were developmentally 
younger than birds of the same age at Monash University, for Freeman 
and Vince (1973) have shown that the developmental age of chickens 
can vary by 1-2 days depending on the conditions during incubation. 
Drennen (personal communication) had encountered this problem while 
working in England. However the chickens I treated with CXM on 
days 2, 3, or 4 all learnt normally when tested on day 10.
The time of day when training occurred was varied without 
success, since Reymond (1977) has shown that temporal factors can be 
important in normal Pebble Floor performance. The design of the
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Pebble Floor was altered, but regardless of the amount of contrast 
between the grains and pebbles, the saline-treated and CXM-treated 
birds continued to perform alike. The room temperature was altered, 
and the food changed, without success. The drug was checked bio­
chemically for deterioration but none was found (MORGAN, personal 
communication). Other people familiar with the techniques injected 
the birds and scored their performance to find no differences. Even 
the laboratory was changed. Finally I returned to Monash University 
and found I could reproduce the slow learning phenomenon there. 
Returning to the Australian National University, once again I was 
unable to replicate the phenomenon. Another drug capable of pro­
ducing slow learning, kainic acid, did not induce behavioural 
changes on the Pebble Floor at the Australian National University.
Sanberg, Faulks, Anson, and Mark (1980), using operant 
conditioning, have also been unable to find evidence of slow 
learning at the Australian National University. There were no 
differences between chickens treated with glutamic acid, CXM, or 
saline on the acquisition of an autoshaped key-pecking response, 
acquisition and performance of continuous reinforcement responding 
(CRF), or extinction of the CRF.
Obviously the general inability to reproduce the pheno­
menon of slow learning in Canberra does not mean that it is not a 
real phenomenon. Our negative results may simply emphasise the 
subtlety of the changes occurring. However if the phenomenon 
is as delicate as this work would suggest, it will not be a useful 
tool for research until the conditions which allow its expression 
have been defined.
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6. CYCLOHEXIMIDE AND THE PHENOMENON OF ATTENTIONAL PERSISTENCE 
6.1 General Introduction
While determining a CXM dose-response curve for the 
phenomenon of slow learning on the Pebble Floor, I noted that at 
doses too low to produce slow learning, the performance of the 
CXM-treated birds was different to that of saline-treated chickens 
(ANSON, 1974). The CXM-treated birds pecked significantly longer 
runs of pebbles than saline-treated birds, although the total 
number of pebbles chosen was the same for the two groups. This 
effect of cycloheximide resembled a reported effect of testosterone 
on behaviour, as was described in the following way: "Once a
male chicken treated with testosterone begins to respond to a 
given stimulus, it will persist in responding to the saifie stimulus 
for longer than will a control chicken, and it will be less 
easily distracted by other perceptual inputs" (ROGERS, 1971). The 
phenomenon was termed "attentional persistence".
The evidence for attentional persistence came from two 
different types of task: tasks which required searching for food
and a runway task. One of the search tasks required the birds to 
choose grain of a preferred (red), or non-preferred (yellow) 
colour from a background of red pebbles - the Red Pebble Floor 
task. A range of feeding strategies was available to the chickens; 
careful searching was necessary if preferred food was to be taken. 
On this task birds treated with testosterone typically showed 
long runs of pecks on their preferred type of food, whereas oil- 
injected controls showed shorter runs on both preferred and
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non-preferred grain. Few pebbles were chosen by either group.
The birds treated with testosterone were more persistent in their 
search for one type of stimulus - preferred food - indicative of 
attentional persistence.
Using another task Rogers (1971, 1974) demonstrated that 
the birds treated with testosterone also display position pre­
ferences. For this task there were no pebbles, only preferred 
and non-preferred coloured grain were present, which were so 
arranged that the chickens had to move about the floor to continue 
feeding on preferred grain. Compared with the controls, the 
testosterone-treated birds showed longer runs of pecks in a 
particular area before moving to feed elsewhere. In this instance 
the testosterone-treated birds pecked non-preferred grain in 
preference to moving, which has been interpreted as meaning that 
the birds persist more strongly for place than colour of food.
The other type of task required trained chickens to 
run down a runway for a food reward (ARCHER, 1974a) . When this task 
was well learnt, Archer introduced novel features into the runway, 
and observed the subsequent behaviour of the chickens. He found 
black and white stripes on the runway walls disturbed the controls 
more than the birds treated with testosterone. In contrast, adding 
black and white stripes to the food dish disturbed the birds treated 
with testosterone far more than the controls. He concluded that 
the birds treated with testosterone attended more persistently to 
the dish, and less persistently to other stimuli than the controls. 
Therefore testosterone would increase the persistence of response
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to a particular type of stimulus, increase the persistence of 
response to stimuli in a particular place, and increase the 
resistence to distraction by irrelevant stimuli.
CXM also affects the persistence of response to a 
particular type of stimulus - pebbles. The question that arises is: 
How similar are the effects of these apparently dissimilar drugs?
In order to answer this question chickens treated with CXM were 
tested on both the Red Pebble Floor task and a runway task similar 
to that used by Archer (1974a, b).
6.2 The Red Pebble Floor Task
6.2.1 Introduction
As stated above, behaviour indicative of attentional 
persistence was found on the Pebble Floor with doses of CXM 
lower than that necessary to produce the slow learning phenomenon. 
Doses of 10]ig CXM in 10yl saline, 20yg CXM in lOyl saline, and 
20yg CXM in 5yl saline all induced attentional changes when 
administered on day 2 (ANSON, 1974). To investigate the degree of 
similarity between the behavioural changes induced by CXM and those 
induced by testosterone, birds treated with CXM were tested on the 
Red Pebble Floor task used by Rogers (1971, 1974). A dose of 20yg 
CXM in lOyl saline was used because I had found this to have the 
most significant effects on search behaviour (ANSON, 1974). Chickens 
were also given 40yg CXM in 50yl saline in order to see if atten­
tional changes, hitherto unobserved, also occurred with high doses 
of the drug. It was hoped that attentional persistence, if it
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occurred, could be observed independently of the effect of the 
drug in producing slow learning.
6.2.2 Methods
a) 10 min experience on the Red Pebble Floor
Chickens were obtained on day 1 from the Clarinda Poultry 
Farm in Melbourne and housed under standard conditions (2.2.2) 
at Monash University. Drugs were administered on day 2; groups of 
8 chickens received either 20yg CXM in lOyl saline, 40yg CXM in 
50yl saline, or 50yl saline.
Red food was produced by adding 3.5g carmine dye in 100ml 
water to 300g of chicken mash. Yellow food was produced by adding 
just the water to the mash. The chickens were given red food, 
except on days 5 and 6 when they were given yellow food. This 
ensured a preference for red food was established (ROGERS, 1971) .
After being deprived of food for 5 h on day 8,the birds 
were allowed 10 min experience on the floor. For this, red grains 
were scattered over a background of red pebbles which were stuck 
to a sheet of clear perspex. To maintain the ratio of grain to 
pebbles at approximately 3:8, extra grain was added as it was eaten. 
It was hoped this floor experience would remove most of the learning 
components of the task before testing for attentional persistence 
the next day.
On day 9, the chickens were deprived for a further 5 h 
and tested on the floor, this time with both red and yellow grains 
scattered amongst the red pebbles. The different choices in
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the first 100 pecks, to the nearest run, were recorded. The mean 
run length (MRL), the percentage pecked, the longest run and the 
number of runs on each stimulus type were calculated as in section 
2.5.2. Longer runs were taken to indicate attentional persistence 
as previously demonstrated with testosterone-treated chickens.
b) 15 min experience on the Red Pebble Floor
A further two groups of 8 chickens were used and given 
either 40yg CXM in 50yl saline or 50yl saline. These birds were 
allowed 15 min access to the floor on day 8. All other procedures 
were identical to those described in (a).
6.2.3 Results
a) 10 min experience on the Red Pebble Floor
The results are shown in Table 6.1. Both the CXM-treated 
groups pecked statistically more red grain, in statistically longer 
runs, than the saline-treated birds. The CXM-treated groups scored 
less runs on yellow food with the percentage of yellow grain pecked 
at being less than for saline-treated birds. The group treated with 
20yg CXM in lOyl saline avoided pebbles and yellow food more, and 
scored fewer runs on all three stimulus types, than saline-treated 
birds.
Although the group treated with 40yg CXM in 50yl saline 
showed a similar avoidance of non-preferred food and increased 
pecking at preferred food, this group did not avoid pebbles to any 
greater extent than controls. This group chose red grain and red 
pebbles more persistently than yellow grain^ but failed to distinguish
between stimuli of the same colour.
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TABLE 6.1
PERFORMANCE ON THE RED PEBBLE FLOOR AFTER 30 MIN PRETEST EXPERIENCE
Scores for first 50yl 20|Jg CXM in 40]Jg CXM in
100 pecks saline 10yl saline 50yl saline
Percentage R Food 67 89+++ 82+
pecked Y Food 23 8+++ 10+++
Pebbles 10 2+++ 8
Mean run R Food 5 20+++ 21+++
length Y Food 2 2 1+++
Pebbles 1 0.8+++ 1
Longest R Food 14 54+++ 39+++run Y Food 5 4 4 +
Pebbles 2 1+ 1.7
Total R Food 13 5+++ 9
Number 
of runs Y Food 11 3+++ 4+++
Pebbles 9 3+++ 8
The data in this table depict the patterns of behaviour adopted by 
chickens while searching for food on the Red Pebble Floor. The birds 
(N=8 per group) received 10 min floor experience of red grain and red 
pebbles 24 h prior to testing. During the test the birds could choose 
red grains, yellow grains, or pebbles.
The mean values (given to the nearest whole number, except for some of 
the low values for pebbles) are tabulated. The percentage pecked was 
calculated separately for each animal and each stimulus type. Therefore, 
the means given for percentage pecked do not necessarily have to total to 
100 percent. The mean run length was calculated for each individual 
and the overall mean value of the group is tabulated. Two-tailed 
Mann-Whitney U tests were applied to the individual scores between 
each treated group and the saline control group. + means 0.01<p<0.05;
++ means 0.005<p<0.01; +++ means 0.000<p<0.005.
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b) 15 min experience on the Red Pebble Floor
The results are displayed in Table 6.2. With extra training 
to distinguish red grain from red pebbles prior to testing, the 
group treated with 40yg CXM in 50yl saline performed more like the 
group treated with 20yg CXM in.lOyl saline, given 10 min experience 
on the Red Pebble Floor. Both red pebbles and yellow grain were now 
avoided more than by the saline-treated group. Red grain was taken 
in statistically longer runs, with the MRL and longest run, all 
being statistically different from the values for saline controls.
As found previously for the group treated with 20yl CXM in 10yl 
saline, the group treated with 40|ig CXM in 50yl saline had signif­
icantly fewer runs on all three stimulus types.
6.2.4 Discussion
The behaviour of chickens treated with 20yg CXM in 10yl 
saline on the Red Pebble Floor task was similar to that produced 
by testosterone treatment of young chickens (ANDREW and ROGERS,
1972; ROGERS, 1974). The CXM-treated chickens pecked longer runs 
on red food, their preferred colour, and avoided non-preferred 
(yellow) food, and pebbles, more than controls.
After 10 min experience on the floor, the group treated 
with 40yg CXM in 50yl saline also pecked in longer runs on red 
and avoided yellow grain to a significantly greater extent than 
saline-treated birds, suggestive of attentional persistence.
However, this group pecked a similar number of pebbles to the 
saline-treated birds when given only 10 min experience of the red 
grain - red pebble floor the day before testing. Since this dose
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TABLE 6.2
PERFORMANCE ON THE RED PEBBLE FLOOR AFTER 15 MIN PRETEST EXPERIENCE
Scores for first 50yl 40jJg CXM in
100 pecks saline 50yl saline
Percentage R Food 80 88+
pecked Y Food 16 11
Pebbles 3.8 1.1
Mean run R Food 22 49++
length Y Food 3 4
Pebbles 1.1 0.6+
Longest R Food 39 79++++
run Y Food 6 7
Pebbles 1.4 0.6++
Total R Food 8 3++++
number 
of runs Y Food 6 2++
Pebbles 3.9 1.2+++
The data in this table depict the patterns of behaviour adopted by 
chickens while searching for food on the Red Pebble Floor. The 
birds (N=8 per group) received 15 min floor experience of red grain 
and red pebbles 24 h prior to testing. During the test the birds 
could choose red grains, yellow grains, or pebbles.
The mean values were calculated and analysed as in Table 6.1.
+ means p=0.075; ++ means 0.01<p<0.025; +++ means p=0.01;
++++ means 0.001<p<0.01.
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is known to produce slow learning, more time was allowed for the 
birds to learn the red grain - red pebble discrimination before 
they were tested. And indeed, when allowed 15 min familiarization 
with the floor, significantly fewer pebbles were chosen the next day.
Thus, when given sufficient time to learn the red grain - 
red pebble discrimination, the group treated with 40yg CXM in 50yl 
saline adopted a similar food searching pattern to the group treated 
with 20yg CXM in 10yl saline. Thus, attentional persistence was 
evident in birds injected with doses of CXM sufficient to cause slow 
learning, as well as with lower doses.
It therefore seems likely that the changes in attentional 
behaviour produced by CXM are not a result of changes induced by 
CXM in rates of learning, and that attentional persistence and slow 
learning are two independent effects resulting from the admini­
stration of CXM. Because firstly, attentional persistence was present 
at doses of CXM found to be too small to affect rates of learning 
(ANSON, 1974). And secondly, when most of the learning components 
of the task were removed by giving the birds sufficient time to 
learn the red grain - red pebble discrimination, chickens treated 
with high doses of CXM still showed attentional persistence. This 
does not mean, however, that attentional changes resulting from 
the administration of CXM do not contribute to the slow learning 
phenomenon, because the dose that produces slow learning also 
causes attentional persistence.
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That CXM produces attentional persistence may have important 
implications. However before other work using the drug can be 
properly re-assessed further characterization of the phenomenon is 
necessary. For example, a detailed time-course is required to 
determine: (i) how soon after drug administration attentional changes
become apparent, and (ii) whether the effect has a critical period, 
similar to the phenomenon of slow learning. Unfortunately I was 
unable to do this work using 1 day-old male chickens flown to 
Canberra from Melbourne. Just as I could not reproduce the 
phenomenon of slow learning at the Australian National University,
I found no evidence of attentional persistence in CXM-treated or 
testosterone-treated chickens in Canberra. Birds hatched in the 
laboratory were unsexed and therefore unsuitable for experimentation, 
as female chickens treated with testosterone did not show atten­
tional persistence (ROGERS, 1974) . My inability to reproduce 
attentional persistence at the Australian National University does 
not imply that the behavioural changes observed do not represent 
a real phenomenon, for I was able to measure them at Monash 
University. But this failure does emphasise, once again, the 
subtlety of this type of search task and the importance of environ­
mental conditions.
6.3 A Runway Task
6.3.1 Introduction
Another task was employed to characterize the attentional 
changes induced by CXM in more detail at the Australian National 
University, since, as mentioned above (6.7.4), tasks which required
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searching for food did not seem to be suitable for this purpose. 
Archer (1974a, b) was able to show attentional alterations induced 
by testosterone using a runway task. A similar runway was con­
structed to investigate attentional changes induced by CXM.
6.3.2 Methods
Male birds flown-up from Melbourne on day 1 were used 
throughout this experiment. The home-cage described in section 2.2.2 
was modified by covering the front wall of transparent perspex 
with paper to prevent the birds seeing the experimenter, and 
other chickens. Food was provided in round perspex dishes 
(4cm high, 4cm diameter) fixed to perspex squares (7cm x 7cm) . 
Otherwise, standard housing conditions were employed.
CXM was administered on day 2; the doses used were:
40yl CXM in 50yl saline; 20yg CXM in lOyl saline. Controls 
received 50yl saline. Testosterone was given after training on 
day 8: 25mg testosterone oenanthate* (SCHERING AG, Berlin) in 
O.lQml sesame oil was injected intramuscularly, 0.05ml into each 
thigh. Controls received 0.1ml sesame oil only. One hundred 
chickens were equally divided between the different treatments;
10 different batches were used.
* Testosterone oenanthate is a long-acting androgen, released 
over 2 to 3 weeks after injection (JUNKMAN, 1952) . This dose 
is the same as that which was used for earlier work on search 
behaviour (ANDREWS and ROGERS, 1972) and is twice that at 
which a ceiling is reached for copulation, attack, and for 
effects on persistence (For further discussion on the subject 
of dosage see ANDREW, 1972a and ANDREW, 1972b, pp.198 to 200) .
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The chickens were trained to run for a food reward in a 
runway (25 x 120 x 37.5cm high) the walls of which were painted 
matt grey. The floor of the runway was of paper towelling which 
could be changed easily. The start-box was identical to the home- 
cage with the addition of a lid to prevent the chickens looking 
up at the experimenter. The food dish was the same as that used 
in the home-cage. Overhead lighting was provided by 3 angle-poise 
lamps with 25W globes. The novel stimuli which were introduced 
into the runway are shown in Figs. 6.1, 6.2, and 6.3. Black and 
white stripes were painted on metal plates which could be hung 
from the sides of the runway. Each panel was 8" wide with 5 black 
and white stripes. The novel food dish was made by painting the 
familiar food dish with ^cm black and white stripes.
The training schedule was as follows: Each day before
training the chickens were deprived of food for 5 h. On day 5 
(the first training day) a food dish was placed at the end of the 
runway with the start-box close by. Most birds had to be initially 
encouraged to feed but soon overcame their fear of the strange 
environment. After each successful trial the start-box was moved 
20cm down the runway, until the birds were running the entire 120cm. 
On day 5 the birds were given 9 trials, and 6 trials on the next 
three consecutive days (6, 7, and 8). On day 8 the birds were 
required to make the last three runs in an average of 10 sec or 
less. The birds which failed to meet this criterion were eliminated. 
After training on day 8 the running times of the untreated birds 
were matched; birds with equivalent performances were given either 
testosterone oenanthate or sesame oil. No training occurred on
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Fig. 6.1 The runway with black and white stripes on the 
side walls.
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Fig. 6.2 The runway with black and white stripes on 
the food dish at the end of the runway.
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Fig. 6.3 The runway with black and white stripes on 
the wall behind the food dish.
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day 9. Each day from days 10-12, after being deprived of food for 
5 h, the chickens were given 3 trials in the familiar runway. The 
birds averaging 8 sec or less to reach the food dish and establish 
feeding were given four test trials, the others were eliminated 
from the experiment. The order of stimulus presentation was: 
side stripes on day 10; dish stripes on day 11; and stripes behind 
the dish on day 12. After each four test trials the birds were 
given 3 further trials without any patterns.
The testing procedure was as follows: After 15 min
in the start-box the door was raised and timing commenced. Timing 
continued until the chickens fed continuously from the dish for 
at least 10 sec without any shifts in attention away from the dish, 
as determined by the experimenter. The chickens were allowed 15 
sec continuous access to the food dish before being returned to 
the start-box to commence the next trial. If feeding was inter­
rupted before 10 sec, timing continued until feeding was established 
or 60 sec had elapsed.
Runway performance was quantified by calculating the mean 
average time to establish feeding before, during, and after the 
novel stimuli. Statistical significances were tested by using 
non-parametric analysis.
6.3.3 Results
The results are diagrammatically represented in Figs. 6.4, 
6.5, and 6.6 with the mean average running times plotted for the 
different groups for each novel stimulus. As only 30% of the birds 
in the group treated with 40yg CXM in 50yl saline successfully
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Fig. 6.4 The performance of the birds in the runway after 
food deprivation for 5 h. The mean average time (sec) ± standard 
error to reach the food dish for the 4 trials when black and 
white stripes were placed on the walls of the runway is plotted. 
Also included are the mean average times (sec) ± standard error 
to reach the food dish for the 3 trials in the plain runway 
before and after the novel stimulus was presented.
The groups (N=20/group) are: a ---a saline
■ ■ CXM
+ --- testosterone
O -- O sesame oil
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Fig. 6.5 The performance of the birds in the runway after food 
deprivation for 5 h. The mean average time (sec) ± standard 
error to reach the food dish for the 4 trials when black and 
white stripes were on the food dish is plotted. Also included 
are the mean average times (sec) ± standard error to reach the 
food dish for the 3 trials in the plain runway before and after 
the novel stimulus was presented.
The groups (N=20/group) are: ▲---- — A saline
■--- ■ CXM
+ -- - 4 - testosterone
O-- -o sesame oil
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Fig. 6.6 The performance of the birds in the runway after 
food deprivation for 5 h. The mean average time (sec) ± standard 
error to reach the food dish for the 4 trials when black and 
white stripes were placed behind the food dish is plotted. Also 
included are the mean average times (sec) ± standard error to 
reach the food dish for the 3 trials in the plain runway before 
and after the novel stimulus was presented.
The groups (N=20/group) are: ▲----▲ saline
■----■ CXM
4----4- testosterone
O------ O sesame oil
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completed training, compared with 65% in the other groups, this 
group was eliminated from the experiment.
The birds treated with testosterone were significantly 
less distracted than the birds treated with sesame oil by black 
and white stripes placed on the side walls of the runway 
(0.02<p<0.05, MWU), in agreement with the results of Archer (1974a) 
(Fig. 6.4). The birds treated with testosterone required only 
15±3 sec to establish feeding, whereas the oil controls took 29±5 sec 
Similarly, the birds given 20yg CXM in 10yl saline passed the side 
stripes more readily than the saline-treated birds (0.02<p<0.05, MWU) 
The CXM-treated birds began to feed after 13±5 sec compared with 
25±5 sec for the saline-treated birds. This difference in per­
formance between the testosterone-treated and CXM-treated groups 
and their respective controls was still evident after the stripes 
had been removed but this difference just failed to be statistically 
significant. The two control groups were taking statistically 
longer to establish feeding than before presentation of the novel 
stimulus: oil controls p=0.02, MPSRT; saline controls 0.01>p, MPSRT.
When the familiar food dish was changed for one with black 
and white stripes (Fig. 6.2) each group showed a dramatic increase 
in the latency to feed (Fig. 6.5) (saline controls: p<0.01, MPSRT; 
CXM-treated: p=0.02, MPSRT; testosterone-treated p<0.01, MPSRT; 
oil controls: p<0.01, MPSRT). There was no statistical difference 
between any of the performances of the different groups. However, 
while the difference was not statistically significant, the testo­
sterone-treated birds began to feed sooner than the oil controls.
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Removal of the novel food dish produced another dramatic change 
in runway latencies. However, only the testosterone-treated group 
reached running times comparable with those before introduction of 
the novelty. The oil and saline controls, and the CXM-treated 
birds began to feed more rapidly than with the novel dish present 
(p<0.02, MPSRT;'p<0.02, MPSRT; p=0.02, MPSRT, respectively), but 
were still slower than before its introduction (0.01<p<0.02, MPSRT;, 
0.02<p<0.05, MPSRT; 0.02<p<0.05, MPSRT, respectively).
The presence of black and white stripes behind the dish 
did not inhibit the average running performance of the testosterone- 
treated birds. They began feeding in 6±1 sec. In contrast, the 
oil controls were 5 times slower, requiring 31±7 sec (0.01<p<0.02, MWU).
A similar trend was seen between the CXM-treated and saline-treated 
groups, although the difference was not statistically significant.
The introduction and removal, of the stripes from behind the dish 
significantly increased, (p<0.01, MPSRT; 0.01<p<0.02, MPSRT; p=0.05, MPSRT, 
respectively) and decreased (p=0,02, MPSRT; p=0.02, MPSRT; p=0.05,
MPSRT, respectively) , the feeding latencies in the oil control,
CXM-treated and saline-treated groups.
6.3.4 Discussion
Birds treated with 20]jg CXM in lOpl saline performed like 
testosterone-treated chickens when tested in a runway. Both groups 
were distracted less than their controls by stripes placed on the 
side walls of the runway, and behind the food dish. This is con­
sistent with the model of attentional persistence where changes in 
any irrelevent cues - anything other than the food dish - interupt
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the testosterone-treated birds less than the oil controls. However, 
anomalies arose when a novel dish was introduced. Neither the 
testosterone-treated nor the CXM-treated chickens showed enhanced 
avoidance of the dish as expected. In fact, the testosterone- 
treated birds began feeding a little sooner than the oil controls.
In the original experiments of Archer (1974a) the chickens 
could not see any grain until they were close to the dish, within 
12-14 cm (ANDREW, personal communication). Indeed, Andrew (1976) 
has suggested that the increased delay exhibited by the testosterone- 
treated birds resulted from their inability to change from selecting 
stimuli associated with the food-dish to those associated with food- 
grain. But, once this associative change has occurred, the novel 
food dish ceases to be important and hinders performance as little 
as the presentation of side stripes. One might predict from this 
that if the chickens attended to grain initially, and not the food 
dish, the testosterone-treated birds might establish feeding more 
rapidly than the oil controls. This might occur if the chickens 
could see grain in the dish from the start-box area, as was the 
case in my experiments. This may explain the contradictory results 
with the novel dish. However, Messent (1973) was also unable to 
confirm Archer's claim that changes in relevant cues were more 
disturbing for testosterone-treated birds. Using a Skinner Box 
visual discrimination task, Messent (1973) found testosterone- 
treated and oil control birds to be equally affected by changes 
in the positive stimulus. On the other hand, Messent (1973) found 
negative key changes inhibited pecking by the oil controls for 
longer than that by testosterone-treated birds, in agreement with
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Archer (1974) and the result of my experiment.
In general, the CXM-treated birds behaved like testosterone- 
treated birds in these experiments. Whatever the resolution of the 
different results obtained with stripes on the food dish, this con­
firms that CXM produces behavioural changes which closely resemble 
those labeled attentional persistence when induced by testosterone.
6.4 Cycloheximide Produces Testicular Enlargement
6.4.1 Introduction
The administration of CXM to cockrels on day 2 induced 
behavioural changes similar to those induced by testosterone on two 
tasks: the Red Pebble Floor task and a runway task. Given this,
it might be suggested that CXM increases the level of circulating 
testosterone in young chicks, thus producing the changes.
The following experiment was performed to determine if 
CXM altered testicular size (in any way), and perhaps testosterone 
production. Body weight changes and brain size were also invest­
igated after CXM and testosterone treatment.
6.4.2 Methods
Fifty-four chickens from Melbourne were housed under 
standard conditions. On day 2 the birds were weighed, divided into 
3 groups of similar weight and given either 40yg CXM in 50yl saline, 
50yl saline, or 25mg testosterone oenanthate. At the same time 
each day from day 3 to day 9 the weight of each chicken was recorded. 
On day 10 the birds were killed, and the weights of the testes, 
optic lobes, and forebrains noted for each bird. The testes/body 
weight, optic lobe/body weight, and forebrain/body weight ratios
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were calculated and tested for statistically significant 
differences using a two-tailed t-test.
6.4.3 Results
The 24 h weight changes for each group are diagrammatically 
represented in Fig. 6.7. Both the testosterone and saline-treated 
groups showed steady weight gains from day 2 to day 9. In contrast, 
the CXM-treated group lost weight during the 24 h post-injection 
period to be significantly lighter than saline-treated chickens. 
Indeed, the CXM-treated group remained significantly lighter over 
the measured 7 day interval, despite the steady weight gains 
observed from day 3 onwards.
Table 6.3 gives the average weight of the different tissues 
for each treatment as well as the tissue/body weight ratios. The 
testes of CXM-treated birds were significantly bigger than those 
of saline-treated birds, despite the fact that the CXM-treated 
birds were smaller in body weight. The testes/body weight ratio 
accentuated this difference. In contrast, treatment with testo­
sterone statistically depressed testicular development compared 
to that in the saline control group. The testes/body weight ratios 
of testosterone-treated and saline control birds were significantly 
different on day 10.
Although statistically significant decreases in optic lobe 
weichts and forebrain weights were found after CXM and testosterone 
treatment relative to the controls, the tissue/body weight ratios 
were the same for each group. Thus, neither treatment altered the
bra:n/body weight ratios.
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Fig 6.7 The weight (g) ± standard error immediately prior to, 
and 7 days subsequent to/ treatment with CXM, testosterone, 
or saline on day 2.
The groups (N=18/group) are: ▲ ▲ saline
■-- ■ CXM
+ — 4 testosterone
*2.1 ^
O  56
DAYS
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TABLE 6.3
THE EFFECT OF DRUG ADMINISTRATION ON PHYSICAL DEVELOPMENT
SALINE CXM TESTOSTERONE
Testes (mg) 22.511.2 26.811.3++ 11.710.8***
Testes (mg)
Body weight (g) 0.3110.02 0.3810.02** 0.1610.01***
Optic lobes (mg) 21313 20313* 20114**
Optic lobes (mg) 
Body weight (g)
2.810.1 2.910.1 2.810.1
Forebrain (mg) 64918 617110** 624110*
Forebrain (mg) 
Body weight (g)
8.610.2 8.910.2 8.710.3
Body weight (g) 75.611.6 70.312.0+++ 73.112.6
The data in Table 6.3 give the average weight ± the standard 
error of different tissues from birds (N=18 per group) which 
received drugs on day 2 and were killed on day 10. Two-tailed 
t-tests were applied to the individual scores between each 
treated group and the saline-treated group * means 0.025<p<0.05;
++ means 0.02<p<0.025; ** means 0.01<p<0.02; +++ means 0.001<p<0.005; 
*** means p<0.001 compared to the saline controls.
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6.4.4 Discussion
The testes of birds treated with CXM were enlarged 8 days 
after administration of the drug. Enlarged testes could reflect 
hypo-, eu-, or hyper-activity of the gland (LIPPOLD and WINTON, 1968) 
The behavioural similarities between CXM-treated and testosterone- 
treated groups on search tasks, and in a runway^ suggests that 
increased testis size may be correlated with increased production 
of testosterone rather than being an indication of gland compensation 
However, CXM does not induce a number of the behavioural character­
istics generally associated with increased levels of testosterone. 
This suggests that alterations in the circulating levels of testo­
sterone induced by CXM may be sufficient to produce attentional 
changes but not sufficient to induce such changes as increased 
attack and copulation (ANSON and ROGERS, 1977).
Low ranking chickens treated with testosterone rise 
in the peck order, in contrast birds given CXM slowly drift to 
the bottom of their social hierarchy (ROGERS et al., 1974). Sub­
sequent testosterone administration to these birds, however, 
produces an increase in attack,copulation and an elevation in 
social position (although this increase in social rank is only 
apparent when the birds are placed in another, unfamiliar social 
setting (ROGERS, personal communication)). If, as is proposed,
CXM induces increased levels of testosterone^ why do the birds 
treated with CXM suffer a fall in social rank, rather than a 
maintenance of social position? In groups of White Leghorn chickens, 
Flickinger (1961, 1966) found testis size was correlated with
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position in a dominance hierarchy, with the most dominant animals 
having the largest testes. However, the relationships between 
gonadal hormones and social position are not always this clear.
There are often ambiguous situations in which genetic, environ­
mental, and experiental factors operate (LLOYD, 1975). The 
importance of this interplay is exemplified by CXM-treated birds. 
Their loss of social rank may result from the dramatic drop in body 
weight which occurs at the time of CXM injection. Maintenance of 
social rank may be difficult when the birds are smaller, parti­
cularly since the loss of body weight was not accompanied by an 
increase in aggression. Rogers et al., (1974) attributed the 
decline in social position to 'behavioural deficits' caused by the 
drug which make the birds perform too slowly or inefficiently to 
maintain status. This explanation seems unlikely since injection 
of testosterone would have to overcome these 'behavioural 
deficits', if they exist. It is more likely that the increased 
aggression associated with increased testosterone levels helps 
to overcome the previously unnoticed size disadvantage of the 
CXM-treated birds.
6.5 General Discussion
When CXM was given on day 2, testicular development was 
accelerated so that by day 10, CXM-treated birds had significantly 
larger testes than those of saline-treated chickens. Administration 
of CXM on day 2 also produced behavioural changes similar to those 
produced by testosterone, on search tasks like the Pebble Floor, 
and the Red Pebble Floor, as well as in a runway task. These
278
findings suggest that CXM could have altered the production of 
testosterone, and thereby produced behavioural changes similar to 
those induced by treatment with testosterone. Perhaps CXM could 
have produced lesions in areas of the brain which control the 
production of testosterone. If the mechanism supposed to underlie 
the phenomenon of slow learning is indeed correct (HAMBLEY and 
ROGERS, 1979), the excitotoxic action of increased concentrations 
of the putative transmitters glutamic and aspartic acids could 
well be causing such lesions.
Oades (1975a, b) has shown that lesions in the dorsal 
midline hyperstriatum accessorium of young chickens produced 
similar behaviour in a runway and on food search tasks to that 
produced by testosterone. My results extend the comparison to 
CXM-induced changes. Sites of testosterone accumulation, thought 
to be unrelated to copulation and attack, are present in the 
lesioned area (OADES, 1979). Further, Oades (1979) has shown 
that in this area, adrenocortical and gonadal hormones have an 
interconnecting role in attentional processes. Extrapolating from 
Oades1 data it could be argued that CXM is lesioning the dorsal 
midline hyperstriatum accessorium and thereby increasing the 
production of testosterone, and inducing attentional persistence.
It may be that attentional changes induced by the three super­
ficially different treatments - testosterone, CXM, and lesions - 
are due to effects at different levels of the one system.
It is possible to investigate at least part of this 
hypothesis. Further behavioural comparisons of testosterone-treated
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and lesioned animals can be made,as the brain area lesioned by 
Oades in birds is thought to be analogous to the mammalian ventral 
hippocampus (OADES, 1976a, b), on which extensive literature has 
been published. Many studies have shown that hippocampal damage 
results in continued responding to formerly positive cues, when 
the operant schedule or the nature of the task has been changed 
or reversed (DOUGLAS and PRIBRAM, 1966; KIMBLE, 1968; ISAACSON,
1974). Thus animals with lesions in the hippocampus generally 
take longer to extinguish than control animals. The general 
behaviour of testosterone-treated animals is similar to that of 
lesioned animals, except that it is claimed that testosterone- 
treated animals extinguish as rapidly as controls. However, closer 
examination of the testosterone data reveals that inappropriate 
methods have been applied (ANDREW, 1972a; ROGERS, 1971), and 
possible misinterpretations of the data have occurred (ROGERS, 1971; 
ARCHER, 1974b). Without further work, claims that testosterone- 
treated birds extinguish as rapidly as controls need to be treated 
with caution. Any clhims about possible behavioural differences 
between birds treated with testosterone and lesioned animals 
must await further experimentation.
Despite the fact that no substantiated behavioural 
differences have as yet been found between testosterone-treated 
and CXM-treated birds, and birds with lesions of the dorsal midline 
hyperstratum accessorium, on the measures used to define atten- 
tional persistence, the relationship, if any, of the treatments 
is unlikely to be as simple as described above. Each of these
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treatments could be acting in any one (or more) of a number of 
ways. For instance, the excitotoxic action of CXM is unlikely 
to cause a single, discrete lesion. Rather, many areas of the 
brain are likely to sustain damage. Biochemical investigation 
has shown the inhibition of protein synthesis to be wide spread 
throughout the brain and even throughout the viscera (WOOLSTON 
et al., 1979). Secondly, testosterone binding sites have been 
found throughout the brain (MARTINEZ-VARGAS, STUMPF and SAR, 1976; 
WOOD-GUSH, LANGLEY, LEITH, GENTLE and GILBERT, 1977), any one 
(or more) of which may be responsible for the changes observed. 
Thirdly, discrete lesions of the dorsal midline hyperstratium 
accessorium do not necessarily imply direct locus-behaviour 
correlations, since fibre tracts passing through the lesioned 
area are also destroyed, and the possibility of secondary changes 
in other brain regions must be borne in mind.
Thus, no conclusions about where CXM may be acting to 
induce attentional changes, like those observed in a runway and 
on search tasks, can be drawn. Even the mechanism by which the 
changes may occur is undetermined. However, the injection of 
young chickens with CXM 2 days after hatching does produce 
attentional changes. This effect of CXM may have important 
implications for the correct interpretation of behavioural change 
induced by CXM, in other experiments. Whether CXM induces similar 
attentional changes in older birds and other animals, is unknown, 
and should certainly be investigated. And it is important to
determine how soon after treatment with CXM the changes influence
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behaviour, for the behaviour from which it is inferred that CXM 
has had an effect on the formation of memory may be attributable 
to changes in attentional behaviour. This is particularly important 
for experiments, like the one-trial passive avoidance task used 
by Gibbs and Ng and their coworkers, where CXM is administered
on day 2 in chickens.
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7. GENERAL DISCUSSION
7.1 Physical Changes Induced by Cycloheximide
The effects of CXM in young chickens are numerous, and 
vary depending on the age at which the chicken received the drug. 
If CXM is administered on day 2 the body weight of the treated 
birds initially falls. These birds continue to weigh less than 
untreated birds of the same age for at least 10 days. When older 
chickens are treated with CXM the effect is more transient. The 
birds treated with CXM gain less weight in the 24 h after treat­
ment but by 48 h, the treated birds regain the lost weight, to 
be once again indistinguishable from birds treated with saline.
The consumption of food over this 48 h period follows a similar 
pattern.
Cycloheximide could be inducing changes in the growth 
of the birds, through excitotoxic effects due to the accumulation 
of glutamic and aspartic acids as a consequence of the inhibition 
of protein synthesis (HAMBLEY and ROGERS, 1979). The differential 
sensitivity of chicken behaviour to the deleterious effects of 
glutamic acid at different ages is discussed in section 7.2.
In other species, glutamic acid administered to young 
animals has profound effects upon growth. Mice, after treatment 
with glutamic acid just after birth, have lower body weights 
than controls for about 45 days, after which they become obese, 
steadily gaining weight even throughout adulthood (OLNEY, 1969). 
Obviously the normal systems which regulate body weight are
profoundly disturbed.
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In neonatal rodents, glutamic acid treatment destroys 
all median eminence neurons, and 80-90% of those in the arcuate 
nucleus of the hypothalamus - an important neuroendocrine regulatory 
centre (OLNEY and PRICE, 1978). Doses of glutamic acid too low 
to cause cell death in these areas, nevertheless increase levels 
of serum testosterone and luteinising hormone (OLNEY, CICERO, MEYER 
and de GUBAREFF, 1976). Higher doses decrease the circulating 
levels of growth hormone (TERRY, EPELBAUM, BRAZEAU and MARTIN, 1977). 
Treatment of older animals does not result in such marked effects.
Given these profound lesions of the neuroendocrine system, 
it is not surprising that the administration of CXM during the first 
week of life has long-lasting effects which are not restricted to 
growth.
Cycloheximide also stimulates testicular development and 
the manifestation of secondary sexual characteristics such as 
premature comb development, presumably by interacting with the 
endocrine system. Glutamic acid has pronounced effects on the 
neural-gonadal axis of rodents (NAGASAWA, YANAI and KIKUYAMA, 1974; 
HOLZWARTH-McBRIDE, HURST and KNIGGE, 1976; LAMPERTI and BLAHA, 1976; 
CLEMENS, ROUSH and SHAAR, 1977; PIZZI, BARNHART and FANSLOW, 1977) , 
when given to young animals. However, glutamic acid depresses 
rather than increases testicular growth (REDDING, SCHALLY, ARIMURA 
and WAKABAYASHI, 1971; TRENTINI, BOTTICELLI and BOTTICELLI, 1974; 
NEMEROFF, GRANT, BISSETTE, ERVIN, HARRELL, and PRANGE, 1977).
For this reason, elevations in the levels of glutamic acid as a 
result of the inhibition of protein synthesis probably cannot
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alone explain the changes in endocrine regulation of young chickens, 
although lesions induced by glutamic acid may be contributing to 
the disruption of the endocrine system. The effects of CXM on 
testicular development and the development of secondary sexual 
characteristics, when given beyond the first week of life, has not 
been investigated. But there is evidence to suggest that CXM 
only has a transient effect on sexual behaviour when administered 
to adult mice (MEYERSON, 1973; QUADAGNO and HO, 1975; QUADAGNO, 
ALBELDA, McGILL and KAPLAN, 1976).
Thus, young chickens may sustain severe hormonal dis­
ruption as a result of the administration of CXM, possibly because 
glutamic acid induces lesions in areas of the brain necessary for 
normal endocrine function. CXM appears to have a more transient 
effect when administered to older animals.
7.2 The Effect of Cycloheximide on Behaviour when Given During 
The First Week of Life
The administration of CXM on day 2 induces a number of 
long-lasting changes in behaviour. Rogers et al., (1974) reported 
that birds treated with CXM were permanently slower at learning 
when tested on a number of tasks. In Canberra, I was unable to 
reproduce this phenomenon on the Pebble Floor, one of the tasks 
used by Rogers et al., (1974) . This failure to produce slow 
learning, as determined by the number of errors pecked on the 
Pebble Floor, was not merely a fault of the task, because birds 
treated with CXM in Canberra also learnt normally under operant
conditioning (SANBERG et al., 1980).
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Although I was unable to reproduce slow learning on 
these tasks, the birds treated with CXM nevertheless were different 
when tested in the second week of life from birds treated with saline. 
At both Monash University and the Australian National University 
the CXM-treated birds appeared to peep more, continuously jumped 
to escape, showed an unwillingness to peck, along with increased 
excretion in the test situation a week after treatment. In general, 
the birds were more "reactive" after treatment with CXM. Although 
not tested directly on the Pebble Floor, evidence for a difference 
in reactivity was obtained in an open field situation. The birds 
treated with CXM on day 2 showed less pecking behaviour, more 
excreting, and less mobility in an open field than chickens treated 
with saline (SANBERG et al., 1980).
It could be argued that changes in reactivity as a 
result of treatment with CXM are the primary cause of slow learning. 
However this is unlikely to be the case. Drennen (1973, 1978) has 
shown that slow learning is modality specific and dependent on 
perceptual input. When birds are placed in the dark for 3 h 
imnediately after the administration of CXM, the birds are not 
slow learners on tasks which require visual function, whereas on 
auditory tasks the birds are still slow learners. Such general 
changes as observed in the open field are unlikely to result 
from lesions in specific processing pathways. Thus CXM would 
appear to be having two effects: a very general effect evident 
in the reactivity of chickens in the test situation, and a quite 
specific effect which is dependent on normal perceptual input
within each sensory modality.
Only one of these effects was evident in the behaviour
of the birds hatched and treated with CXM in Canberra, when tested 
on the Pebble Floor - that of changed reactivity. However the lack 
of differences in the rates of learning on the Pebble Floor or 
under operant conditioning in Canberra, does not necessarily mean 
that the phenomenon called slow learning was entirely absent.
Indeed, evidence which suggests the birds treated with CXM were 
slower at learning was obtained in the runway (experiment: 6.3). 
Birds treated with 40pg CXM in 50]il saline, known to produce slow 
learning on the Pebble Floor at Monash University, but ineffective 
in Canberra, failed to reach a criterion more often on a runway 
task than birds treated with saline. Thus the effect of CXM 
on slow learning would appear to be a quantitative rather than 
an all-or-none phenomenon.
Why did the birds hatched locally not show the same degree 
of slow learning? It could be that the lesion produced by CXM was 
less extensive at the Australian National University. At first 
sight this explanation seems unlikely, for CXM was shown to 
extensively inhibit protein synthesis throughout the brain and 
peripheral tissues of 2 day-old chickens at the Australian National 
University (WOOLSTON et al., 1979). Perhaps the chickens received 
extra perceptual input at Monash University? This seems unlikely 
too, because in experiments with extra visual stimulation (a hand 
moving about the home-cage every 5 min for the 3 h immediately 
after injection), the chickens hatched at the Australian National 
University and treated with CXM still learnt normally.
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However, the most obvious difference between the chickens 
tested at Monash University and those hatched and tested at the 
Australian National University, was their experience before the 
drugs were administered. If the mechanism by which CXM induces a 
lesion in the brain is dependent on the accumulation of putative 
amino acid transmitters, as a result of the inhibition of protein 
synthesis, as suggested by Hambley and Rogers (1979), then stress 
may be important. McGeer and McGeer (1978) have shown that cell 
death caused by the excitotoxic action of kainic acid in the 
striatum is reduced if glutamatergic activity is suppressed by 
cutting the cortico-striatal pathway. Sanberg (personal commun­
ication) has also observed that stressed rats are more susceptible 
to kainic acid-induced lesion and death. Perhaps, when young 
chickens are stressed at the time of injection, there is a general 
increase in neurological activity which, in conjunction with CXM, 
would induce a greater lesion. The greater lesion would perhaps 
involve greater changes in the general reactivity of the animal, 
and induce more extensive lesions of the perceptual processing 
pathways. No evidence is available on the relative reactivity 
of the birds tested at Monash University and those hatched and 
tested at the Australian National University to test this hypo­
thesis. Therefore, the possibility that CXM is causing greater 
lesions in the chickens tested at Monash University cannot be 
ruled out.
Another possible explanation is that CXM produces the 
same lesion in all the chickens, but that the behavioural
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expression of the lesion is modified by experience. General exper­
ience does affect performance on the floor, as was clearly illu­
strated by the group of birds flown-up from Melbourne and treated 
only with saline on day 2. These birds performed like slow learners 
on the training trials. Perhaps the experience a chicken has early 
in life is important for the expression of slow learning induced 
by CXM. The stress associated with transporting chickens from the 
local hatchery to Monash, in conjunction with CXM,could produce 
behavioural manifestations of slow learning, whereas the relatively 
unstressed chickens hatched and tested at the Australian National 
University may be below a critical level of reactivity for the 
expression of slow learning. One observation which suggests that 
stress may be important is that the only birds which were slow 
learners in Canberra, as measured in a runway, were birds flown-up 
from Melbourne.
Not only may early experience modify the expression of 
slow learning, but the fact that CXM induces changes in the 
reactivity of the birds to novel situations may also be important.
For although birds treated with CXM showed changes in reactivity 
independent of the phenomenon of slow learning, slow learning was 
always accompanied by alterations in reactivity.
Performances on the Pebble Floor task, which could be 
interpreted as slow learning, can be observed in a number of situations 
independent of CXM. Untreated birds hatched in the laboratory, 
when tested at certain times of the year (see Appendix) do not 
learn the task. Reymond (1977) has shown that the performance of
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the birds depends critically on the time of day at which they are 
tested. Birds flown-up from Melbourne and treated only with saline 
on day 2 did not learn the task. In contrast, birds hatched in 
Melbourne and tested at Monash, needed to be treated with CXM before 
slow learning was observed, but this effect could be eliminated by 
sensory isolation, and the effect could be made specific to a 
sensory modality. Yet again, birds hatched and tested in the 
laboratory at the Australian National University, even after treat­
ment with CXM, learnt the task normally. While this summary gives 
the impression of irreproducibility, in fact, within a defined 
hatching, injection, and testing regime, the behaviour of the 
birds was consistent.
It is probable that several factors contribute to per­
formance on the Pebble Floor task. The prior experience of the 
birds may influence their reactivity, which will in turn influence 
performance. There are also changes in reactivity induced by CXM. 
CXM may also produce minor deficits in the processing of sensory 
information, which may show up as slow learning only in animals 
above a certain "reactivity threshhold". But the failure of the 
birds flown-up from Melbourne to learn the task also suggests that 
above a certain (higher?) "reactivity threshhold', reactivity 
alone may induce performance deficits, and this may be related to 
the seasonal and diurnal variations in performance. The way in 
which these various factors combine to influence performance may 
vary from task to task, thereby making the phenomenon of slow 
learning induced by CXM difficult to reproduce without a
systematic manipulation of many variables.
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Although the extent and nature of the lesion induced by 
CXM remains unknown, there is some evidence to suggest that slow 
learning results from one of the flow-on effects of CXM. Hambley 
and Rogers (1979) have shown that as a result of the inhibition 
of protein synthesis, there is an accumulation of the putative amino 
acid transmitters glutamic and aspartic acids. Both of these 
chemicals alone will induce slow learning when given on day 2. The 
detrimental effect of glutamic and aspartic acids can be prevented 
if the birds are deprived of perceptual input for the 3 h post­
injection, just as the effects of CXM on slow learning can be 
inhibited (SDRAULIG, ROGERS and BOURA, 1980). Like CXM, the 
administration of the excitotoxic putative transmitters after the 
first week of life does not affect rates of learning. Hambley and 
Rogers (1979) have suggested that the effect is restricted to the 
first week of life, because after this time the blood-brain barrier 
becomes effective and rigorously regulates the extracellular con­
centrations of amino acids in the brain. Amino acids could be 
removed from the extracellular space into the blood and out of the 
brain. The levels of amino acids could also be controlled by 
promoting cellular uptake of excess amino acids from the extra­
cellular space, thus preventing the excitotoxic death of the 
postsynaptic cell. Evidence which suggests cellular uptake of 
amino acids is important has been provided by SDRAULIG et al., 
(1980). They found that administration of ouabain, which disrupts 
the active transport of substances across the cell membrane, in 
conjunction with glutamic acid, produced slow learning when
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administered after the first week of life. They also showed that 
slow learning could be prevented at this later time by eliminating 
perceptual input.
If the development of homeostatic mechanisms normally 
determines the end of the period of sensitivity to the deleterious 
effects of CXM, one might expect the birds to be susceptible to 
CXM on day 1, which is not the case. CXM has no effect on the rate 
of visual learning when given within 24 h of hatching. The insen­
sitivity of the very young chickens suggests that pathways may 
still be differentiating in the immediate post-hatch period. Only 
when the pathways become functional will lesions be produced, 
and slow learning be manifest.
The mechanism underlying the increased reactivity of birds 
treated with CXM may also be related to the increased concen­
trations of excitotoxic amino acids which follow treatment with 
CXM. Sanberg et al., (1980) have shown that in an open field 
birds treated with glutamic acid react similarly to birds treated 
with CXM, although there are differences in detail. Inhibitors of 
catecholamine synthesis have also been shown to alter 'emotionality' 
(MATTE and TORNOW, 1979). One of the known flow-on effects of CXM 
is to affect the synthesis of catecholamines. This suggests that 
disruption of catecholamine synthesis may also contribute to the 
increased reactivity displayed by birds treated with CXM.
Cycloheximide not only produces slow learning and changes 
in reactivity to novel situations when administered on day 2, it
also alters the attentional behaviour of young chickens. This was
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demonstrated in a runway and on a search task. If chickens treated 
with CXM were trained to distinguish red grain from red pebbles, 
when given the choice of red grain, red pebbles, and yellow grain, 
the birds selectively chose red grains and occasionally pecked red 
pebbles, but seldom chose yellow grain. The birds treated with 
CXM were more persistent in their attention to the red grain than 
birds treated with saline. Chickens, treated with CXM and trained 
to run to the end of a runway for a food reward, were less dis­
tracted than chickens treated with saline, when novel patterns 
were introduced onto the walls of the runway. The birds treated 
with CXM attended more persistently to the food dish.
Changes in attentional persistence can be separated 
from the other phenomena. When chickens were trained to a criterion 
so that most, if not all, of the learning associated with the task 
was removed, attentional persistence could still be observed. 
Similarly, most of the initial reactivity to the novel testing 
situation might be overcome with repeated exposures to the test 
situation during training, as may occur in the runway experiment. 
Separation of the effect of CXM on attention from the phenomenon 
of slow learning was achieved with low doses of CXM. But, slow 
learning only occurred at doses of CXM that also produced atten­
tional changes (ROGERS and ANSON, 1979). Thus attentional changes, 
like the other factors discussed, may be important for the mani­
festation of changes in the rate at which a bird learns a task.
Although birds flown-up from Melbourne and tested in a 
runway demonstrated attentional persistence, chickens hatched
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locally and treated with CXM were not statistically different from 
birds treated with saline in a situation similar to the Pebble Floor, 
designed to measure attentional persistence. The lack of a diff­
erence between the two groups on the Red Pebble floor may have 
occurred because of unusual behaviour of the birds treated with 
saline as a result of being flown-up from Melbourne, or because 
the CXM failed to elicit pronounced changes in attentional behaviour 
as a result of a smaller lesion, or finally, because the expression 
of attentional persistence was modified by the prior experience 
of the chickens. With the present data, which of these three 
possibilities is correct cannot be determined. The fact that 
attentional persistence was demonstrated in a runway suggests 
this task may be a more reliable indicator of CXM-induced changes 
in attentional behaviour than the Red Pebble floor. This is 
probably due to the training procedure, where other effects of 
CXM, such as those on reactivity, may be minimized.
The mechanism by which CXM produces attentional per­
sistence has not been determined, although there is indirect 
evidence to suggest the mechanism is an excitotoxic one. Oades 
(1976a, b) has shown that lesions of an area with similar functions 
to the mammalian hippocampus, namely the dorsal midline hyper­
striatum accessorium in young chickens, produced similar behaviour 
on a search task and in a runway to that produced by cycloheximide 
treatment. The similarity may arise because CXM also produces 
lesions in this area. Nadler, Perry ana Cotman (]978) have shown 
that the hippocampal area in rats is particularly sensitive to 
kainic acid, a potent excitatory analogue of glutamic acid
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(JOHNSTON, CURTIS, DAVIES and McCULLOCH, 1974). Thus, it is not 
inconceivable that CXM may also be causing lesions in the hippocampus 
of young chickens as a result of increased concentrations of glutamic 
acid.
If excitotoxic lesions are found to be responsible for 
the phenomenon of attentional persistence, then a critical period 
similar to the critical period for slow learning may occur. In 
fact, birds treated with CXM on day 11 and tested 72 h later did 
not show changes in attentional behaviour on the Pebble Floor 
like chickens treated with CXM on day 2. These data are con­
sistent with the suggestion that there is a critical period during 
which treatment with CXM will produce attentional changes, although 
these data could also reflect a delayed onset of the phenomenon.
If attentional changes are established as rapidly as changes in 
rates of learning, then differences would be detectable within 
24 h. Testing chickens for retention 24 h after administering 
CXM in the first week of life was how the phenomenon of slow 
learning was first detected.
The behavioural changes induced by the administration 
of CXM to young chickens in the first week of life probably result 
from permanent changes in different areas of the brain, as a result 
of cell death induced by increased levels of amino acids, which 
occur because protein synthesis has been inhibited. Although the 
most likely explanation, the many other consequences of the 
inhibition of protein synthesis may also be important in producing 
the behavioural changes investigated. Regardless of the mechanisms
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by which the changes occur, the fact that changes do occur in 
reactivity, rates of learning, and attention has important implica­
tions for experiments in which CXM has been administered during the 
period of rapid brain development. Due consideration must be given 
to other possible interpretations of data where these factors may 
be important. For example, all the work of Gibbs, Ng and their 
colleagues (see GIBBS and NG, 1977a for review) has been performed 
on 1 or 2 day-old chickens, while Nagelberg and Magy (1977) have 
studied the effects of CXM on memory formation in young 
mice.
Moreover, it is by no means certain that such effects 
are restricted to injections into young animals. Flexner, Flexner 
and Roberts (1967) and Stettner, Barraco and Normile (1977) have 
reported deficits in relearning or new learning in adult animals. 
Milder lesions than those produced in young animals may, under the 
appropriate conditons, dramatically affect the behaviour of adults.
7.3 The Effects of Cycloheximide when Given in the Second Week 
of Life
I have shown that when CXM was administered in the second 
week of life, just after a training trial, the formation of memories 
of the Pebble Floor task appeared not to have been inhibited. 
Although on one behavioural measure, the number of pecks at pebbles, 
the birds appeared to be amnesic, when other measures such as the 
choice of the first peck and the method of searching were used, 
behaviour consistent with the presence of memory was demonstrated. 
When the level of deprivation was increased/ the birds demonstrated
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memory in all three measures. On the Pebble Floor and the 
Perspex-Grain task, the birds associated the memory of training 
with the subsequent consequence, treatment with CXM, to form a 
conditioned aversion to the test situation.
What other explanations can be advanced to account for 
the data? The presence of memory after treatment with CXM may 
be due to the establishment of a partial memory. Assuming protein 
synthesis is necessary for the consolidation of memory, a partial 
memory might occur if protein synthesis was not sufficiently 
inhibited (CHERKIN, 1972; GOLD, HAYCOCK, MARCI and McGAUGH, 1973). 
Alternatively, under my experimental conditions memory consolidation 
may have begun to occur before the chickens were treated with CXM, 
as CXM was always administered after the training trial. Even if 
consolidation had not begun before CXM was administered, consoli­
dation may have begun before a level of inhibition of protein 
synthesis sufficient to prevent the formation of memory was est­
ablished. A third possibility is that a partial memory may have 
been established under my conditions because the birds were over­
trained. The ability of CXM to induce amnesia is critically 
dependent upon details of the training procedure and in particular 
the criterion to which the animals are trained (BARONDES and COHEN, 
1968b; COHEN and BARONDES, 1968; DANIELS, 1971; QUARTERMAIN and 
BOTWINICK, 1975; QUARTERMAIN, 1976). These possible explanations 
of my data may be inter-related, in that overtraining may mean 
that consolidation has begun to occur before the drug becomes 
effective and thus a level of inhibition of protein synthesis 
which is adequate to prevent some consolidation from occurring is
not achieved.
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It has been reported that inhibition of protein synthesis 
must exceed 90% to cause amnesia (BARONDES and COHEN, 1967) . Dunn 
(1980) claims that where protein synthesis has been inhibited by 
more than 85%, amnesic-like behaviour has been observed. Woolston 
et al., (1979) have determined that 40yg CXM in 50yl saline, the 
dose of CXM used throughout this thesis, inhibits 85% of cerebral 
protein synthesis within 30 min of intracerebral administration of 
the drug in young chickens. The level of protein synthesis which 
is inhibited is comparable with that of other experiments. However, 
as pointed out by Woolston et al., (1979) , and confirmed by Rainbow 
et al., (1980) this may in fact mean very little, because estimates
of inhibition of protein synthesis rely on fixed levels of amino 
acid which CXM is known to alter. Depending on when the estimate 
is made, and by what means, different estimates of the actual 
degree to which protein synthesis has been inhibited will be 
obtained. Rainbow et al., (1980) also pointed out that similar 
inhibitions of protein synthesis were achieved in two different 
strains of mice, yet only one appeared to be amnesic.
While the precise levels of inhibition of protein 
synthesis reported in previous studies may be meaningless, 
nevertheless it is still possible that for tasks like the Pebble 
Floor, a greater overall level of inhibition is necessary to 
produce complete loss of memory than is achieved with the dose 
I used. Unfortunately greater inhibition cannot be achieved with
CXM because the dose used is almost a lethal one (DRENNEN, 1973).
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The dose of anisomycin which inhibits protein synthesis to the same
degree as CXM is well below the LD for anisomycin (FLOOD andbO
JARVIK, 1976) . Therefore it may be possible to increase the level 
of inhibition of protein synthesis by using larger doses of 
anisomycin. However increasing the percentage of protein synthesis 
which is inhibited inevitably means that the side effects and 
flow-on effects of the drug are accentuated too. Producing amnesia 
by increasing the level of protein synthesis which is inhibited 
does not prove that protein synthesis per se is necessary for memory 
consolidation, nor would it prove that it was memory consolidation 
which has been affected.
The possibility that significant memory consolidation 
may be occurring before protein synthesis has been inhibited must 
be borne in mind, although a number of workers using various tasks 
and species have reported amnesias with post-training injections 
of CXM, including on the Pebble Floor task (FLEXNER, FLEXNER and 
ROBERTS, 1966; GELLER et al., 1969; QUARTERMAIN AND McEWEN, 1970; 
UNGERER, 1973; ROGERS et al., 1974, 1977). In most cases where 
CXM has been administered after training, one-trial or very brief 
training procedures have been used, the notable exception being 
on the Pebble Floor. On the Pebble Floor, CXM has been reported 
to produce amnesic behaviour when administered 10 min after 
training (ROGERS et al., 1977) which may in effect be up to 20 
min from when the birds began the task. In my experiments CXM 
was always administered within 10 min of beginning the task.
299
One way to avoid the problem of possible consolidation 
before treatment is to inject the drug before the training trial.
The disadvantage of doing this is that normal acquisition may be 
affected by the drug. It is often difficult to determine the 
extent to which acquisition is affected, because for the amnesic 
agent to be effective only minimal training is possible, over­
training renders the agents much less effective (FLOOD and JARVIK, 
1976). The experimenter often has no indication that learning has 
occurred, other than from the performance during the retention 
test of birds treated with saline. This may bear no relationship 
to what the birds treated with CXM have learnt. Suitable controls 
have seldom been included to test for non-specific effects of the 
drug.
On a task like the Pebble Floor, where learning during 
training can be monitored, there is the problem that having 
received effectively 60 trials during training, the birds may be 
overtrained, with the result that even if CXM is administered 
before training, it will be ineffective anyway. Both injecting 
before and after training has methodological problems which might 
obscure what is at issue : the relationship between protein synthesis 
and memory consolidation.
To determine how effective an agent is at inhibiting 
the formation of memories, inferences have to be made from the 
behaviour expressed during the retention test. The most obvious 
conclusion may not be the correct one. My data has shown that 
by simple manipulations of the procedure and further analysis
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of the data, memory can be demonstrated on the Pebble Floor where 
none was believed to occur. The use of only the number of errors 
in the first 20 pecks of the retention test as an indicator of 
the presence or absence of memory is unreliable. To argue that 
partial memory consolidation has occurred because CXM was admin­
istered too long after learning implies that the number of errors 
is a reliable indicator of memory when CXM is administered before 
training. Without re-examining the data obtained from the Pebble 
Floor when CXM was administered before training it cannot be 
assumed that the number of errorswhich occurs is a reliable indicator 
of memory. The unreliability of using just the number of errors 
as an indicator of memory was confirmed when chickens trained on 
the Pebble Floor were treated with LiCl in place of CXM. LiCl 
is an aversive agent believed to have little or no effect on the 
consolidation of long-term memory. Birds treated with LiCl 
performed on the Pebble Floor like birds treated with CXM. LiCl 
induced the formation of a conditioned aversion which was manifest 
in similar behaviour to that previously thought to indicate 
inhibition of memory. It cannot be argued that a conditioned 
aversion was formed on the Pebble Floor as a result of inadequate 
inhibition of protein synthesis induced by CXM because admini­
stration occurred after training, since Bolas et al., (1979)
and others (BOOTH and SIMSON, 1973; NAKAJIMA, 1974; SQUIRE et 
al., 1975) have established that conditioned aversions are formed 
despite considerable inhibition of protein synthesis at the time
of learning.
301
It has been suggested that conditioned aversions may 
result from a special form of learning which is not dependent on 
protein synthesis. If this is the case, CXM could perhaps induce 
the formation of conditioned aversions and inhibit the formation 
of memories dependent on protein synthesis simultaneously.
Squire, et al., (1975) have presented evidence which they claim 
shows that CXM does have amnesic and aversive properties which 
can be separated. However as discussed in 3.7, their data, while 
giving good evidence that CXM can induce conditioned taste aversions, 
gives little evidence that CXM has inhibited the formation of memory. 
Bolas et al., (1979) also found that CXM could induce conditioned 
visual aversions, but found no evidence that memory formation was 
inhibited. Other workers have also shown that conditioned aversions 
can be formed although protein synthesis is inhibited (for review 
see 3.2.1) .
In contrast Tucker and Gibbs (1976), investigating the 
problem of whether the formation of conditioned aversions was 
dependent on protein synthesis, concluded that normal protein 
synthesis was necessary. However their experiment was unusual in 
that CXM only failed to produce a conditioned aversion when 
administered 5-9 h before the training trial. Injection of CXM 
up to 3 h before the training trial resulted in the formation of 
conditioned aversions. CXM is known to produce maximal inhibition 
of protein synthesis within 30 min to 1 h of administration, after 
which the level of inhibition slowly falls (WOOLSTON et al., 1979). 
Thus, in the experiment by Tucker and Gibbs,conditioned aversions
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were formed during the period of maximal inhibition of protein 
synthesis. As pointed out by Bolas et al., (1979) the absence of 
a conditioned aversion when CXM was administered 5-9 h before the 
training trial could simply reflect the action of two aversive 
agents working in series. In general, the evidence suggests that 
the formation of conditioned aversions is not directly dependent 
on protein synthesis.
Conditioned aversions are formed by the animal making 
an association between a novel experience and a subsequent nasty 
experience. There is evidence to suggest the formation of this 
association is perhaps a unique form of learning because 
associations can be made over long delays and are generally not 
disrupted by forms of manipulation which produce amnesic behaviour 
such as anaesthesia and cortical spreading depression (BEST 
and ZUCKERMAN, 1971; ROLL and SMITH, 1972). However, in order to 
make an association between two experiences, engrams of the 
experiences have to be present. Conditioned aversions can form 
in the absence of protein synthesis, which suggests the engrams 
can also be formed in the absence of protein synthesis. This 
deduction, in conjunction with the lack of evidence that CXM 
has inhibited the formation of an engram on the Pebble Floor and 
other tasks, strongly suggests that protein synthesis is not 
required for memory formation in my and other experiments.
How CXM induces conditioned aversions is also unknown. 
The excitotoxic action of putative amino acid transmitters is 
unlikely to be involved, since injection of amino acids into the
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brain failed to produce a conditioned aversion on the Pebble Floor. 
This suggests that peripheral rather than central effects of CXM 
may be important in the formation of contextural conditioned 
aversions, although, it is possible that some flow-on effect, 
other than on concentration of amino acids, could be responsible.
If CXM is not inhibiting the formation of memories on 
the Pebble Floor and is instead inducing the formation of con­
ditioned aversions, to what extent is this a general phenomenon, 
capable of explaining amnesias reported after CXM treatment?
There is considerable evidence to suggest that CXM does not 
effectively inhibit the formation of memories (for review see 
section 2.1). The aversive nature of CXM has been reported to 
be involved in amnesia-like changes in behaviour on a number of 
other tasks in addition to the Pebble Floor (for review see 
section 3.2). Nakajima (1974) has shown that mice treated with 
CXM half an hour before drinking ordinary water in a novel context 
for 5 min form a conditioned aversion to drinking water in the 
same situation a week later. Just as demonstrated on the Pebble 
Floor and with the Perspex-Grain task CXM can induce contextural 
conditioned aversion. Thus it would appear that where CXM is 
administered in conjunction with training on appetitive tasks, 
it can act as an aversive agent. However conditioned aversions 
are not only formed when some form of ingestion has occurred.
Bolas (personal communication) has shown that merely seeing a 
novel food is sufficient to produce a conditioned visual aversion 
if the birds are given CXM. That ingestion is not necessary
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suggests that on other non-appetitive tasks CXM may also be inducing 
contextural aversions which are manifested in amnesia-like behaviour.
One task in which the apparent inhibition of memory cannot 
be readily explained in terms of a conditioned aversion,is the 
one-trial passive avoidance test first used by Cherkin (1969) and 
now extensively used by Gibbs and Ng, and their coworkers. In this 
task 2 day-old chickens are treated with saline or CXM 5 min before 
being presented with a shiny lure coated with a nasty tasting sub­
stance, methyl anthranilate. Memory retention is tested some time 
later by presenting the shiny lure, but this time without the 
chemical aversant. The number of chickens in each group that refuse 
to peck on the retention trial is used as an index of memory retention. 
If CXM was inducing the formation of a conditioned aversion the 
chickens would be reluctant to peck the'lure during the retention test. 
This would be interpreted as evidence of memory rather than a lack 
of memory.
Although on this task CXM would appear not to be acting 
as an aversive agent, the amnesia-like behaviour may arise from 
effects of CXM other than on memory formation. The administration 
of stimulants which restore memory suggests that some memory 
consolidation must have occurred. Messent (1973), using the 
one-trial passive avoidance task, has found that birds treated 
with testosterone perform similarly to birds treated with CXM. 
Testosterone is known to induce attentional changes in young 
chickens (for review see ANDREW, 1976) , similar to those induced 
by CXM. The behaviour of young chickens treated with CXM and
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tested on the one-trial passive avoidance task may represent changes 
in attentional behaviour and be unrelated to the formation of memory. 
Another effect of CXM which may be important for this task is the 
increased reactivity of birds treated with CXM. Increases in 
reactivity may mean that birds treated with CXM are more likely to 
peck at shiny lures, taken as evidence of memory loss, than untreated 
birds. In fact birds air-freighted to Canberra and treated with 
CXM often do peck more aggressively at the lure (BELL, personal 
communication). Bell has tried to control this effect of CXM by 
identifying the type of peck the chicken makes, and taking so- 
called 'aggressive' pecks as evidence of memory.
With closer investigation, more and more of the apparent 
effects of CXM on memory can be explained by actions of the drug 
other than on consolidation. Although it is not possible to 
entirely rule out that CXM may be having some effect on memory 
formation by inhibiting protein synthesis, the evidence is not 
convincing. In reality, knowing the time of injection and the 
time of various biochemical changes and the behavioural con­
sequences, does not tell us very much. To draw direct causal 
links between a particular biochemical change, the inhibition 
of protein synthesis, out of the many changes that occur as a 
result of CXM administration, and what is believed to be the 
cause of a particular piece of behaviour, is extremely unsound.
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7.4 Conclusion
The discovery of how discrete pieces of genetic information 
could be encoded in macromolecules led to the idea that discrete 
memories were also encoded in a similar way. Thus, the idea that 
RNA and protein synthesis were involved in the formation of memories 
arose with the often unstated assumption that discrete molecules 
encoded discrete memories. These ideas led to the use of metabolic 
inhibitors, the biochemical actions of which were to inhibit RNA 
and protein synthesis, and to the use of the correlative approach 
where changes in RNA and protein synthesis as a result of experience 
were sought. From the use of metabolic inhibitors, claims were 
made about the necessity of protein synthesis for consolidation of 
memories. The correlative approach, it was also claimed, supported 
this contention. However, as pointed out in this thesis, neither 
approach is free from methodological problems.
Although the action of metabolic inhibitors, such as CXM, 
is more specific than other amnesic agents like electroconvulsive 
shock, hypoxia, anaesthesia, and mechanical trauma, the ramifications 
of inhibiting such a fundamental process as protein synthesis 
are enormous both biochemically and behaviourally.
As a result of the inhibition of protein synthesis,there 
is a cascade of different biochemical effects, and each biochemical 
effect can have a number of different effects on behaviour. Often 
these behavioural changes can obscure the relationship between 
protein synthesis and the formation of memories. For example, as 
a result of the inhibition of protein synthesis by CXM,the synthesis
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of catecholamines from circulating tyrosine is inhibited (GOODMAN, 
FLEXNER and FLEXNER, 1975). Henning, Dunlap, Harston, and MacPhee 
(1980) have shown that alterations in the levels of catecholamines 
affect tonic immobility in mice. The effect of CXM on tonic 
immobility may appear as an effect on the formation of memory, 
depending on the type of taste used. If mice were trained on an 
active avoidance task and treated with CXM, they may not appear to 
remember the task when tested for retention, because they fail to 
move to avoid punishment. If however, mice were trained on a 
passive avoidance task and treated with CXM,their lack of a 
response would be interpreted as evidence of memory.
Changes in catecholamine levels have also been reported 
to affect levels of emotionality and aggression (MATTE and TORNOW, 
1979). Other behavioural effects of CXM such as changed reactivity, 
slower rates of learning,and attentional behaviour may induce 
similar behaviour to that associated with amnesia. Behaviour on 
the Pebble Floor previously interpreted as naive behaviour, was 
shown to be due to the formation of a conditioned aversion. Thus, 
amnesic behaviour observed after treatment with CXM can result from 
behavioural effects of the drug, which are not due to the inhibition 
of memory formation. In fact, the expression of amnesia-like 
behaviour may reflect the formation of memory, as demonstrated by 
the formation of conditioned aversions on the Pebble Floor. Con­
clusions about the effect of CXM on the formation of memory based
on limited behavioural analysis can be misleading.
308
Even if it could be shown that under certain conditions,
CXM brought about a genuine failure to form some sort of memory 
engram, few conclusions could be drawn about the effect of CXM on 
protein synthesis and its relationship to the effect on the 
consolidation of memory. The effect induced by CXM could be 
explained by any of the flow-on effects of CXM, other than by effects on 
protein synthesis. It is extremely difficult, if not impossible, 
to associate a particular biochemical effect on the synthesis of 
proteins with a particular behavioural change.
For these reasons CXM does not appear to be a suitable 
tool for further research on memory formation. The problems 
encountered with CXM are not avoided by using other amnesic agents 
with less side effects and more selective actions. The problems 
are inherent in the interventive approach itself.
A basic assumption of the interventive approach is that 
a biochemically unique process underlies the formation of memory 
which, if the correct inhibitor was used, could be identified.
However there is no evidence to suggest this is the case.
Memories may well be formed as a consequence of a general cellular 
function which is localized at the synapse. If this is true, it 
does not make sense to attempt to differentiate agents that inhibit 
memory formation from agents that just disrupt normal cellular 
functions in certain ways.
Perhaps the correlative approach offers more chance, 
despite the obvious difficulties, of learning more about the 
physical correlates of memory formation. At least in this case
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the biochemical changes result from experience, and are not due to 
additional biochemical effects of amnesic agents unrelated to memory 
formation. But despite avoiding some of the problems associated 
with the interventive approach,the correlative approach has the 
unavoidable difficulty that cellular changes may result from other 
aspects of the training experience like attention, motivation, 
and perception, which are not directly related to the physical 
encoding of an engram. It is very difficult to find suitable 
non-learning controls for this type of experiment. In almost 
all situations, an animal is learning something, and often the 
real difference between the test and control animals may be 
that they learn different things.
Another problem is that the correlative approach has 
largely been applied to special forms of learning. Indeed this 
may be inevitable, if changes large enough to be detectable are 
to be produced. Experiences such as first exposure to light, 
or imprinting, may produce detectable changes, but their relevance 
to the more subtle learning experiences outside critical develop­
mental periods is debatable. It may well be that the correlative 
approach is too crude, in that the techniques are not available 
for measuring small changes at a few synapses, which may not even 
be localized in one area of the brain.
Perhaps the approach which offers the greatest possib­
ility of understanding how memories are encoded is to leave 
analysis of the whole brain and to direct future research to 
studying individual synapses and how they are facilitated or
repressed.
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Although CXM and the interventive approach do not seem 
to be particularly useful for future research, this does not mean 
that their use in the past was unprofitable. The injection of CXM 
into very young animals has revealed that/if perceptual input occurs 
concurrently with CXM,the animals show discrete deficits which are 
modality specific. If the action of CXM on perceptual pathways is 
an excitotoxic one, as has been suggested (HAMBLEY and ROGERS, 1979) , 
discrete lesions may be found. This might enable the higher levels 
of perceptual pathways to be anatomically determined. As the 
lesioning effect of CXM is dependent on perceptual input this action 
would be useful in studying the maturation of the higher levels of 
the different perceptual pathways. Although initially discovered 
using CXM, continued use of CXM to extend this area of research 
is unlikely. In fact the more specific excitotoxic amino acids 
have begun to be used.
Thus, because of the wide biochemical and behavioural 
diversity of its effects, CXM may not be a tool for future research. 
As more of the biochemical and behavioural consequences of admin­
istering CXM have begun to be discovered what is surprising about 
the effect of CXM is that despite all the biochemical changes 
that occur in the brain, CXM does not in fact inhibit the formation 
of memory in animals which during, or just after, a learning 
experience may have their levels of brain protein synthesis 
depressed by 80-90%. Obviously the formation of memories is 
such a fundamental process, that it is resistant to the massive 
disruption of cellular function which occurs in these experiments.
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APPENDIX
SEASONAL VARIATION IN PERFORMANCE
ON THE PEBBLE FLOOR
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APPENDIX Seasonal variation in performance on the Pebble Floor.
Performance on the Pebble Floor was determined by two criteria: 
birds were considered unsatisfactory if they took more than 10 min 
to complete 60 pecks, and if the number of errors in the last 20 
pecks was greater than 5. The percentage of birds rejected each 
month because they failed to met either of these criteria is 
plotted. The performance of birds flown-up to Canberra is 
compared with that of birds hatched in the laboratory at the 
Australian National University. The graph includes the data from 
all the untreated birds and birds treated with saline on day 2 
and tested at the Australian National University over the last 
4 years (N=894 in total).
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